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CERTIFICATION 


Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from the 
factory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States Na- 
tional Bureau of Standards, to the extent allowed by the Bureau’s calibration facility, and to the calibration facilities 
of other International Standards Organization members. 


WARRANTY 


This Hewlett-Packard product is warranted against defects in material and workmanship for a period of one year 
from date of shipment [,except that in the case of certain components listed in Section I of this manual, the warranty 
shall be for the specified period] . During the warranty period, Hewlett-Packard Company will, at its option, either 
repair or replace products which prove to be defective. 


For warranty service or repair, this product must be returned to a service facility designated by -hp-. Buyer shall 
prepay shipping charges to -hp- and -hp- shall pay shipping charges to return the product to Buyer. However, Buyer 
shall pay all shipping charges, duties, and taxes for products returned to -hp- from another country. 


Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute its 
programming instructions when properly installed on that instrument. Hewlett-Packard does not warrant that the 
operation of the instrument, or software, or firmware will be uninterrupted or error free. 


LIMITATION OF WARRANTY 


The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer, 
Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental 
specifications for the product, or improper site preparation or maintenance. 


NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY 
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE. 


EXCLUSIVE REMEDIES 
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HEWLETT- 
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE- 
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY. 
ASSISTANCE 


Product maintenance agreements and other customer assistance agreements are available 
for Hewlett-Packard products. 


For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. 
Addresses are provided at the back of this manual. 
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SAFETY SUMMARY 


The following ganeral safety precautions must be observed during all phases of operation, servica, and repair of this 
instrument. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates 
safety standards of design, manufactura, and intended use of the instrument. Hewlett-Packard Company assumes no 
liability for the customar’s failure to comply with these requirements. This is a Safety Class 1 instrument. 


GROUND THE INSTRUMENT 


To minimize shock hazard, the instrument chassis and cabinet must be connected to an elec- 
trical ground. The instrument is equipped with a three-conductor ac power cable. The power 
cable must either be plugged into an approved three-contact electrical outlet or used with a 
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an 
electrical ground (safety ground) at the power outlet. The power jack and mating plug of the 
power cable meet International Electrotechnical Commission (IEC) safety standards. 


DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE 


Do not operate the instrument in the presence of flammable gases or fumes. Operation of any 
electrical instrument in such an environment constitutes a definite safety hazard. 


KEEP AWAY FROM LIVE CIRCUITS 


Operating personnel must not remove instrument covers. Component replacement and internal 
adjustments must be made by qualified maintenance personnel. Do not replace components 
with power cable connected. Under certain conditions, dangerous voltages may exist even with 
the power cable removed. To avoid injuries, always disconnect power and discharge circuits 
before touching them. 


DO NOT SERVICE OR ADJUST ALONE 
Do not attempt internal service or adjustment unless another person, capable of rendering first 
aid and resuscitation, is present. 


DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT 


Because of the danger of introducing additional hazards, do not install substitute parts or per- 
form any unauthorized modification to the instrument. Return the instrument to a Hewlett- 
Packard Sales and Service Office for service and repair to ensure that safety features are main- 
tained. 


DANGEROUS PROCEDURE WARNINGS 


Warnings, such as the example below, precede potentially dangerous procedures throughout 
this manual. Instructions contained in the warnings must be followed. 


Dangerous voltages, capable of causing death, are present in this instrument. Use ex- 
trame caution when handling, testing, and adjusting. 


SAFETY SYMBOLS 


General Definitions of Safety Symbols Used On Equipment or In Manuals. ¢) ( 


Instruction manual symbol: the product will be marked with this 
symbol when it is necessary for the user to refer to the instruction 
manual! in order to protect against damage to the instrument. 


Indicates dangerous voltage (terminals fed from the interior by 
voltage exceeding 1000 volts must be so marked). 


Protective conductor terminal. For protection against electrical 
shock in case of a fault. Used with field wiring terminals to in- 
dicate the terminal which must be connected to ground before 
operating equipment. 


Low-noise or noiseless, clean ground (earth) terminal. Used for a 
signal common, as well as providing protection against electrical 
shock in case of a fault. A terminal marked with this symbol! must 
be connected to ground in the manner described in the installation 
(operating) manual, and before operating the equipment. 


Frame or chassis terminal. A connection to the frame (chassis) of 
the equipment which normally includes all exposed metal struc- 
tures. 


Alternating current (power line). 
Direct current (power line). 


Alternating or direct current (power line). 


The WARNING sign denotes a hazard. It calls attention to a pro- 
cedure, practice, condition or the like, which, if not correctly per- 
formed or adhered to, could result in injury or death to personnel. 


The CAUTION sign denotes a hazard. It calls attention to an 
Operating procedure, practice, condition or the like, which,if not 
correctly performed or adhered to, could result in damage to or 
destruction of part or all of the product. 


The NOTE sign denotes important information. It calls attention 
to procedure, practice, condition or the like, which is essential to 
highlight. 
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Section 1 


SECTION | 


GENERAL 


1-1. DESCRIPTION. 


1-2. The Hewlett-Packard Model 654A Test Oscillator is an 
ideal general purpose signal source whenever a flat balanced 
or unbalanced test signal is required. Balanced outputs of 
135 ohms, 150 ohms and 600 ohms have many uses in the 
communications industry. Automatic leveling, together 
with the expanded meter, make the 654A ideally suited to 
voltmeter calibration or to test frequency response of 
components during manufacture. The instrument is shown 
in Figure 1-1 and the specifications are listed in Table 1-1. 


General information relating to the instrument is listed in 
Table 1-2. The information in Table 1-2 should not be 
considered specifications. 


1-3. The Model 654A is a stable, low distortion sine-wave 
signal source with a flat frequency response of +/-0.5% over 
the frequency range of 10 Hz to 10 MHz. The attenuators 
allow the signal to be adjusted in 1 dB and 10 GB steps 
from +10 dBm to -89 dBm, and the front panel 
AMPLITUDE control allows a continuous adjustment in 
level of +/-1 dB from the settings shown on the OUTPUT 
LEVEL attenuators. The flat frequency response is 
achieved by automatic leveling circuits within the 654A. 


1-4. Five output impedances are available, selected by a 
front panel push-button control: these are 50 and 75 ohms 
unbalanced and 135, 150 and 600 ohms balanced. Balance 
is greater than SO dB up to 1 MHz and greater than 40 dB 
up to 5 MHz. 


1-5. The meter scale is expanded to indicate 0 dBm at 
center scale, with a total range of +/-1 dBm. The metering 
Circuit monitors the signal level before the attenuators so 
that the meter indication is independent of the attenuator 


INFORMATION 


settings; the meter indicates the signal level set by the front 
panel AMPLITUDE control. The output signal level into 
the load is the algebraic sum of the meter indication and 
the OUTPUT LEVEL attenuator settings. 


1-6. An additional feature is the COUNTER OUTPUT rear 
panel BNC connector. This allows the Model 654A 
frequency to be continuously monitored by an electronic 
counter without interrupting measurements or affecting 
terminal balance. 


1-7. SUPPLIED ACCESSORIES. 
Rack mount kit: -hp- Part No. 5060-0775. 
1-8. RECOMMENDED ACCESSORIES. 


-hp- 11048C 50 ohm Feedthrough Termination 
-hp- 11094A 75 ohm Feedthrough Termination 
-hp- 1109SA 600 ohm Feedthrough Termination 
-hp- 11143A Balanced BNC to Alligator clip cable 


1-9. INSTRUMENT AND MANUAL IDENTIFICATION. 


1-10, Hewlett-Packard uses a two-section serial number. 
The first section (prefix) identifies a series of instruments. 
The last section (suffix) identifies a particular instrument 
within the series. If a letter is included with the serial 
number, it identifies the country in which the instrument 
was manufactured. If the serial prefix of your instrument 
differs from the one on the title page of this manual, a 
change sheet will be supplied to make this manual 
compatible with newer instruments or the backdating 
information in Appendix C will adapt this manual to earlier 
instruments. All correspondence with Hewlett-Packard 


should include the complete serial number. 
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Model 654A 


Figure 1-1. Model 654A Test Oscillator 


Table 1-1. Specifications 


Frequency range: 10 Hz to 10 MHz in6 bands, 


Frequency accuracy: 
100 Hz (on X100 RANGE) to 5 MHz: +/-2% 
10 Hz to 100 Hz: +/-3% 
5 MHz to 10 MHz: +/-4% 


Level flatness(+10 dBm and 0 dBm): +/-0.5% referenced 
to level at 1 kHz from 10 Hz to 10 MHz for un- 
balanced outputs, 10 Hz to 5 MHz for 135 ohm and 
150 ohm outputs, and 10 Hz to | MHz for 600 ohm 
output. 


Attenuator 


Range: 99 dBin 10 dBand | dB steps. 


Accuracy: +/-1.5% (0.15 dB) except +/-10% (1 dB) at 
output levels below 60 dBm at frequencies greater 
than 300 kHz. 


Amplitude control: greater than 2 dB. 
Amplitude accuracy: +/-1% for 90 days (at 1 kHz, 
+10 dBm level with meter centered), 


Meter tracking: +/-0.05 dB. 


Balance (on balanced impedances) when measured by the 
procedure given in Paragraph 5-28: greater than 50 dB 
for frequencies from 10 Hz to | MHz, greater than 
40 dB to 5 MHz. 


Distortion (THD) 
10 Hz to | MHz: greater than 40dB below funda- 
mental. 
1 MHz to 10 MHz: greater than 34 dB below funda- 
mental. 


Hum and noise: greater than 70 dB down at full output. 


Table 1-2. General Information 


balanced, 135 ohm balanced, 150 ohm balanced and 
600 ohm balanced. 


with adjustable +/-l dB meter range; calibrated for 
each impedance. 


Meter resolution: 0.02 dB. 


Output impedance: 50 ohm unbalanced, 75 ohm un- 


Output level: +11 dBm to -90 dBm, 10 dBand | dB steps 


Output connectors: BNC. Maximum voltage which can be 
applied to the output: less than +/-3 V peak. 


Counter output: greater than 0.1 Vrms into 50 ohm, 
BNC connector. 


Power: 115 V or 230 V +/ - 10%, 48 Hz to 66 Hz, 30 W 
nominal, 35 W max. 


Operating temperature: 0°C to +55°C (32°F to 130°F). 


554A 
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Model 654A 


2-1. INTRODUCTION. 


2-2. This section contains information and instructions 
necessary for installing and shipping the Model 654A Test 
Oscillator. Included are initial inspection procedures, power 
and grounding requirements, environmental information, 
installation instructions and instructions for repackaging for 
shipment. 


2-3. INITIAL INSPECTION. 


2-4. This instrument was carefully inspected both 
mechanically and electrically before shipment. It should be 
physically free of mars or scratches and in perfect electrical 
order upon receipt. To confirm this, the instrument should 
be inspected for physical damage in transit. Also, check for 
supplied accessories, and test the electrical performance of 
the instrument using the procedure outlined in Section V of 
this manual. If there is damage or deficiency, see the 
warranty on Page ii of this manual. 


2-5. POWER REQUIREMENTS. 


2-6. This instrument will operate from either 115 or 
230 V ac, 48 Hz to 66 Hz. The instrument can easily be 
the position of the slide switch located on the rear panel, so 
that the designation appearing on the switch matches the 
nominal voltage of the power source. 


Before applying primary power to the 654A 
be sure it is set for the proper line voltage as 
outlined in Paragraph 3-8. 


2-7. Power Cords. 


2-8. Figure 2-] illustrates the standard power plug config- 
urations that are used throughout the United States and in 
other countries. The -hp- part number directly below each 
drawing is the part number for a 654A power cord 
equipped with a power plug of that configuration. If the 
appropriate power cord is not included with the instru- 
ment, notify the nearest -hp- Sales and Service Office and a 
replacement cord will be provided. 


2-9. GROUNDING REQUIREMENTS. 


2-10. To protect operating personnel, the National Electri- 
cal Manufacturer’s Association (NEMA) recommends that 
the instrument panel and cabinet be grounded. The Model 
654A is equipped with a three-conductor power cord 
which, when plugged into an appropriate receptacle, 
grounds the instrument. The offset pin on the power plug is 
the ground connection. 
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SECTION II 
INSTALLATION 


8120-1351 8120-1369 8120-1689 


125V — 6A* 


4 
g120-134a~ 


ST0-B-4195 
"UL LISTED FOR USE IN THE UNITEO STATES OF AMERICA 


Figure 2-1. Power Cords. 


2-11. INSTALLATION. 


2-12. This instrument is fully transistorized: therefore no 
special cooling is required. However, the instrument should 
not be operated where the ambient temperature is outside 
the limits specifed in Table }-2. 


2-13. RACK/BENCH INSTALLATION. 


2-14. This instrument is initially shipped as a bench-type 
instrument (unless ordered specifically as a rack-type) with 
plastic feet and tilt stand in place. Conversion to a rack- 
mounted instrument can be accomplished by using the 
rack-mounting kit and instruction furnished with yout 
instrument. 


2-15. REPACKAGING FOR SHIPMENT. 


2-16. The following is a general guide for repackaging for 
shipment. If you have any question, contact your local -hp- 
Sales and Service Office. (See Appendix at the back of this 
manual for office location.) 


NOTE 


If the instrument is to be shipped to Hewlett- 
Packard for service or repair, attach a tag to 
the instrument identifying the owner and 
indicating the service or repair to be accom- 
plished; include the model nuniber and full 
serial number of the instrument. In any corre- 
spondence, identify the instrument by model 
number and serial number. 


a. Place instrument in original container if avail- 
able. If original container is not available, a suit- 
able one can be purchased from your nearest -hp- 
Sales and Service Office. 
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If original container is not used. 
b. Wrap instrument in heavy paper or plastic before 
placing in an inner container. 
c. Use plenty of packing material around all sides of 
instrument and protect panel faces with cardboard 
strips. 


Model 654A 


d. Place instrument and inner container in a heavy 
carton or wooden box and seal with strong tape or 


metal bands. 


e. Mark shipping container with 
INSTRUMENT,” “FRAGILE” etc. 


“DELICATE 
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OPERATING 


3-1. INTRODUCTION. 


3-2, This section contains instructions and information 
necessary for the operation of the 654A Test Oscillator. 
Included in this section are identification of controls, 
indicators and connectors, turn-on procedure, meter 
mechanical zero adjustment and operating instructions. 


3-3. CONTROLS, INDICATORS, AND CONNECTORS. 


3-4. All operating controls, indicators and connectors of 
the 654A are identified and described in Figure 3-1. 


3-5. TURN-ON PROCEDURE. 


3-6. OUTPUT METER MECHANICAL ZERO 
ADJUSTMENT. 


3-7. The Model 654A output meter is properly 
mechanically zero-set when the meter pointer rests over the 
-1 dBm mark. Zero-set the output meter to obtain 
maximum accuracy and mechanical stability in the 
following manner. With LINE switch turned off, insert 
pointed object (such as tip of ball point pen) into recess on 
adjustment wheel, and rotate wheel until meter pointer 
rests exactly over -1 dBm mark. 


3-8. PRIMARY POWER APPLICATION. 


a. Before applying primary power to instrument, set 
115 or 230 volt slide switch (S3) to position which 
indicates primary voltage to be used. 


b. Connect primary power to connector JI. Switch 
LINE switch (Sl) to ON position: pilot lamp 
(DS1) will glow. 


3-9. OPERATING INSTRUCTIONS. 


a. Zero-set meter (Paragraph 3-7) and turn 
instrument on (Paragraph 3-8). 


b. Set the FREQUENCY RANGE switch and 
FREQUENCY dial (with VERNIER) to the 
desired frequency. (Dial reading multiplied by 
range setting gives the frequency in Hz.) 


c. Connect a frequency counter to the rear panel 
COUNTER OUTPUT, if desired. 


d. Select the required output impedance by pressing 
the appropriate IMPEDANCE pushbutton. 
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SECTION Ill 
INSTRUCTIONS 


e. Adjust the OUTPUT LEVEL attenuators and the 
AMPLITUDE control for the desired signal output 
level. The algebraic sum of the meter indication 
and the attenuator setting gives the power level, in 
dBm, into a load equal to the impedance selected 
by the IMPEDANCE pushbutton. In Table 3-1, the 
O dBm and +10 dBm levels are converted to 
voltage for each impedance, 


SWITCH THE 10 DBM _ STEP 
ATTENUATOR DOWN BEFORE 
CONNECTING TO SENSITIVE 
EQUIPMENT, SUCH AS THERMAL 
CONVERTERS, SO AS TO PREVENT 
DAMAGE FROM OVERLOADING. 


Table 3-1. dBm/Voltage Conversion Chart 


0 dBm = 1 m watt into rated load. 


50 ohm 0.224 V rms 0.707 V rms 
75 ohm 0.274 V rms 0.866 V rms 
135 ohm 0.367 V rms 1.162 Vrms 
150 ohm 0.387 V rms 1.225 Vrms 


600 ohm 0.775 V rms 2.449 V rms 


f. Connect the load to the output connectors. Use 
the UNBAL connector for 50 ohm and 75 ohm 
loads and both connectors (BAL) for 135 ohm, 
150 ohm and 600 ohm loads. 


3-10. OPERATING CHECK. 


3-11. Before making measurements using the 654A, 
perform the following front panel checks to ensure that 
your instrument is operating correctly. 


a. Turn AMPLITUDE control until white arrow on 
knob is pointing up; meter should indicate 
approximately 0 dBm. 


b. Turn AMPLITUDE control extreme 
counterclockwise; meter should indicate -1 dBm or 
less. 


c. Turn AMPLITUDE control extreme clockwise, 
meter should indicate +! dBm or greater. 
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AMPLITUDE IMPEDANCE 


FREQUENCY dial (C1IA/B/C): Varies test 
frequency continuously within each frequency 
range. Dial reading multiplied by range setting 
gives the output frequency in Hz of the 654A. 


FREQUENCY RANGE switch (S2): Selects one of 
six frequency multipliers from X10 to XIM. 


Output Meter (MI): Monitors amplitude of 654A 
output prior to OUTPUT LEVEL attenuators. 
Algebraic sum of meter indication and OUTPUT 
LEVEL attenuator setting gives output power into 
rated load. 


Mechanical Zero Adjust: Allows meter to be 
mechanically zeroed, when instrument is off. 


OUTPUT LEVEL (S4): Attenuates 654A output 
signal in nine steps of | dBm each. 


OUTPUT LEVEL (S4): Attenuates 654A output 
signal in nine steps of 10 dBm each, 


UNBAL output (J4): BNC connector provides an 
unbalanced output signal, at impedances of 50 
ohms and 75 ohms. 


BAL output (J3 and J4): BNC connectors provide 
a balanced output signal at impedances of 135 
ohms, 150 ohms and 600 ohms. 


© Epa 
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IMPEDANCE switch (A4S}): Selects required 
output impedance of instrument; pushbuttons are 
interlocked so that when one is pressed the others 
spring out. 


AMPLITUDE control (R3): Allows adjustment of 
+/-1 dBm of output signal amplitude. 


FREQUENCY VERNIER: Provides a fine 
frequency adjustment for FREQUENCY dial. 


LINE ON switch (S1) and Pilot Lamp (DS!): 
Switch applies primary power to instrument; pilot 
lamp glows to indicate application of primary 
power. 


115 V or 230 V Slide Switch (S3): Sets instrument 
to operate from a primary power source of either 
115 Vac or 230 V ac, 48 Hz to 66 Hz. 


FUSE (F1): 0.4 amp slow blow fuse protects 
instrument from overloads. 


COUNTER OUTPUT (J2): BNC connector 
provides signal output of greater than 0.1 V rms 
into a 5O ohm load, at same frequency as front 
panel outputs. 


Primary Power Connector (J1): Connects primary 
power to instrument. 


Figure 3-1. Location of Controls, Indicators and Connectors 
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SECTION IV 
THEORY OF OPERATION 


4-1. GENERAL DESCRIPTION. 


4-2. The Mode! 654A Test Oscillator (see Block Diagram, 
Figure 7-1) contains a Wien Bridge Frequency Adjustable 
Oscillator (10 Hz to 10 MHz) followed by a Buffer 
Amplifier and a Balanced Amplifier with a single ended 
input and balanced output. The output of the Balanced 
Amplifier is a leveled, sinusoidal signal; this signal passes 
through Balanced Attenuators and a Balance and Unbalance 
Impedance Switch (output impedance switching network) 
to the front pane} output connectors. 


4-3. An Average Responding Detector monitors the output 
from the Balanced Amplifier to provide two dc currents 
(proportional to the signal level); one current flows to the 
meter circuits and the other to the Amplitude Control 
Integrator. Automatic leveling of the 654A signal is 
achieved by means of the Amplitude Control Integrator 
which compares the current from the Average Detector 
with the current from an Amplitude Current Reference to 
regulate the current through the lamp of a photosensitive 
control device (A2DSV1). The lamp controls the imped- 
ance of a resistive divider at the input of the Buffer 
Amplifier so as to maintain a constant output level from 
the Balanced Amplifier. The output level attenuators 
provide attenuation in 10 dB and 1 dB steps at the output 
connectors and a front panel AMPLITUDE control gives 
2 dB of continuous output level adjustment by varying the 
current from the Amplitude Current Reference. 


4-4. The current from the Average Detector which flows to 
the meter circuits is divided into two parts: a fixed amount 
of current (approximately 1.25 ma) flows into the Meter 
Offset Current Reference and the remainder flows to the 
meter. In this way the meter is offset so that it indicates 
only over the range of -1 dBm to +1 dBm. The current 
flowing into the Meter Offset Current Reference is held 
constant by the Meter Differential Amplifier which clamps 
the input of the current reference to a virtual ground. 


4-5. A Counter Emitter Follower provides isolation 
between the oscillator circuit and the rear panel COUNTER 


OUTPUT. Regulated Power Supplies provide the +31 V 
and - 26 V required to operate the 654A. 


4-6. CIRCUIT DESCRIPTION. 


4.7, aa ee CIRCUIT (Schematic No. 1, Figure 


4-8. The frequency adjustable Oscillator drives the Buffer 


Amplifier with a stable sine wave at a frequency determined 
by the setting of the FREQUENCY RANGE switch and the 
FREQUENCY dial. The circuit is a Wien Bridge Oscillator 
which has a standard, frequency selective, RC leg and a 
resistance leg modified by the addition of a variable 
impedance (A2CR1 and A2CR2). A2Q26 and A2QI 
through A2Q6 comprises the amplifier section and A2Q7 is 
a peak detector which provides negative feedback to the 
bridge for leveling. Two types of feedback are used; positive 
feedback from the frequency selective network drives the 
base of A2Q3 through the source follower A2Q1, and 
negative feedback from the resistive side of the bridge 
drives the base of A2Q2. A2Q2 and A2Q3 form a 
differential amplifier. Only at the selected frequency does 
the positive feedback overcome the negative feedback to 
sustain oscillations. 


4-9. The six frequency ranges are selected by means of the 
RC networks mounted on the FREQUENCY RANGE 
switch (S2); continuous adjustment of the frequency on 
each range is accomplished by rotating the FREQUENCY 
dial, which controls the setting of the tuner capacitors C1A, 
C1B and CIC. The signal from the amplifier output (from 
A2Q5 and A2Q6) is developed across the RC network of 
the bridge; at the selected frequency, where X¢ = R (Figure 
4-1), the positive feedback to the base of A2Q3 has the 
correct phase and sufficient amplitude to sustain 
oscillations. The high input impedance of the field effect 
transistor (A2Q1) prevents the amplifier from loading the 
frequency determining leg of the bridge; the feedback 
provided by A2Q26 prevents any changes in the parameters 
of A2Q1 from affecting the frequency response of the 
amplifier. The difference between the positive and negative 


FREQUENCY 


Fp = POSITIVE FEEDBACK 
TO AMPLIFIER 


F = FEEDBACK TO RC NETWORK 654A-A-1979 


Figure 4-1. RC Network Characteristics 
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feedback signals is amplified by the differential amplifier 
(A2Q2 and A2Q3) and applied, through emitter follower 
A2Q4, to the complementary symmetry pair A2Q5 and 
A2Q6. The very low output impedance of the 
complementary pair acts as a constant voltage source for 
the Buffer Amplifier and also allows feedback to be applied 
to the bridge without loading the output of the oscillator. 
A2Q5 and A2Q6 are forward biased through A2CR7 and 
A2CR8 so as to conduct slightly when no signa! is applied; 
this eliminates crossover distortion of the output signal. 


4-10. A2Q7 acts as a peak detector. Part of the oscillator 
signal is superimposed on a negative bias at the base of 
A2Q7; A2Q7 conducts only when the positive peaks of the 
signal overcome the negative bias. The negative dc output 
of A2Q7 is filtered by A2C2, A2C3 and A2C4 and used to 
bias the diodes A2CRI and A2CR2 so as to vary the 
impedance of the negative feedback side of the bridge to 
control the amplitude of oscillations. A2R8 is switched into 
the circuit on the X100 through X1M ranges and A2CS on 
the X10 through XIK ranges for extra filtering. A2CR3 
limits any reverse voltage transients across the polarized 
capacitors A2C3, A2C4 and A2C5. A2R9* is selected to 
draw current from the bridge so as to balance the current 
through A2CR! and A2CR2 and improve distortion in the 
output signal. 


4-11. BUFFER AMPLIFIER. (Schematic 1) 


4-12. The Buffer Amplifier (A2Q8 through A2Q10) 
provides isolation between the oscillator and the Balanced 
Amplifier and is also used as the point at which the 654A 
signal is leveled. A2Q8 and A2Q9 form a differential 
amplifier whose output, from the collector of A2Q9, is 
amplified by A2QLO and fed to the Balanced Amplifier. 
Part of the signal output from A2Q10 is applied as negative 
feedback through A2R39 to the base of A2Q8 to stabilize 
the amplifier gain over its 10 Hz to 10 MHz frequency 
range. The signal from the oscillator is divided down at the 
input to the Buffer Amplifier by a resistive divider 
consisting of A2R33 and the resistive element of the 
photosensitive resistor (A2DSV1). The resistance of the 
resistive element is determined by the current through the 
lamp, which is controlled by the Automatic Leveling 
Circuits (Paragraph 4-19 and following). The signal level at 
the input of the Buffer Amplifier varies with changes in the 
resistance of the photosensitive resistor to control the level 
of the 654A output signal. 


4-13. COUNTER EMITTER FOLLOWER. (Schematic 1) 


4-14. The Counter Emitter Follower (A3QL) serves as 
isolation between the Oscillator circuit, and the rear panel 
COUNTER OUTPUT (J2). The output frequency is the 
same as the Variable Test Oscillator frequency. Signal 
amplitude at the COUNTER OUTPUT is approximately 
0.1V rms into a SO ohm load. 


4-15. BALANCED AMPLIFIER. (Schematic 2, Figure 7-3) 
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4-16. The single-ended sinusoidal output from the Buffer 


Amplifier is amplified and converted into a balanced signal 
{ 


in the Balanced Amplifier. The Amplifier consists of three 
cascaded differential amplifiers (A2QI1 through A2Q16) 
and two complementary symmetry pairs (A2Q18, A2Q19 
and A2Q20, A2Q21). The balanced output signal from the 
complementary symmetry pairs is developed across 
summing resistors A2R74 and A2R7S and then applied 
through A2R76 and C9, and through A2R77 and C10 to 
the attenuators (S4). The input sinusoidal signal at the base 
of A2QI11 is converted into two signals of equal amplitude, 
but 180° out of phase, taken from the collectors of A2Q1 1 
and A2Q12. The two signals then follow parallel paths, 
while maintaining the 180° phase relationship, through the 
Balanced Amplifier. One signal path is through A2Q11, 
A2Q13 and A2Q15 to the complementary symmetry pair 
A2Q18 and A2Q19; the other signal path is through 
A2Q12, A2Q14 and A2Q16 to complementary symmetry 
pair A2Q20 and A2Q2!1. The complementary pairs are 
biased through diodes A2CRI5, A2CRI6 and A2CRI17, 
A2CR18 so that the transistors conduct slightly when no 
signal is applied; this eliminates crossover distortion of the 
signal at the output of the Balanced Amplifier. 


4-17. The gain of the Balanced Amplifier is stabilized by 
means of negative feedback. A2R51 couples the output 
signal from the top of A2R74 back to the base of A2QI1 
and A2RS53 couples the opposite signal from the bottom 
end of A2R75 back to the base of A2Q12. Note that the 
application of feedback together with the high gain of the 
Amplifier and the very low signal source impedance (from 
the Buffer Amplifier) causes the Balanced Amplifier to 
function as an operational amplifier with differential input 
and output; as a result, the overall gain of the Balanced 
Amplifier is determined by the ratio of A2R51 to A2R44 
and A2R53 to A2R54. Capacitors A2C15 and A2C18 
improve the high frequency response of the feedback paths. 


4-18. To maintain proper balance of the output signal, the 
junction of summing resistors A2R74 and A2R75 is held at 
virtual ground by means of negative feedback to the third 
differential amplifier (A2Q15, A2Q16). The differential 
pair A2Q22 and A2Q23 compares the voltage at the 
junction of A2R74 and A2R75 with ground (the base of 
A2Q23 is connected directly to ground). Any signal 
unbalance or common mode signal across the two resistors 
moves their junction away from ground; this voltage at the 
junction is amplified by A2Q22 and A2Q23 and applied to 
the base of A2Q!7 to change its collector current. A2Q17 
is the source of current for A2Q15 and A2Q16 so that the 
change in current through them will be such as to restore 
the balance between the two sinusoidal signals and return 
the junction of A2R74 and A2R75 back to ground. A2C32 
is adjusted for equal signal voltage across A2R74 and 
A2R75. A2R47, A2C16, A2C23, A2C26, A2C27, A2C28 
and A2C29 all serve as frequency shaping elements to 
improve the frequency response and to insure stability of 
the Balanced Amplifier over its frequency range of 10 Hz to 
10 MHz. 
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4-19. AMPLITUDE CONTROL AND AUTOMATIC 
LEVELING CONTROL. 


4-20. The amplitude of the balanced sine wave signal from 
the Balanced Amplifier is independent of the Attenuator 
settings but can be varied over a 2 dB range by the front 
panel AMPLITUDE control (Schematic 2). The Automatic 
Leveling Circuit (ALC) consists of the Average Detector, 
the Amplitude Control] Integrator, and the Amplitude 
Current Reference (varied by the AMPLITUDE control). 
The Average Detector monitors the output of the Balanced 
Amplifier and produces a de current proportional to the 
amplitude of the Balanced Amplifier signal. The Amplitude 
Control Integrator compares this de current with a current 
of opposite polarity from the Amplitude Current 
Reference; any difference in magnitude between the 
current from the Average Detector and the reference 
current is used to apply negative feedback to the 
photosensitive resistor at the input of the Buffer Amplifier 
until the output of the Balanced Amplifier is at the level 
where the two currents are equal. The output of the 
Balanced Amplifier is at the required level when the current 
from the Average Detector is equal to the reference current. 


4-21. AVERAGE DETECTOR. (Schematic 2) 


4-22. The detector monitors the output of the Balanced 
Amplifier. A2Q24 and A2Q25 form a high gain amplifier 
which is a current source for the detector (A2CR21 and 
A2CR22). A2CR21 supplies the metering circuits with a 
positive de current and A2CR22 supplies the ALC circuits 
with a negative dc current. These currents are equal in 
amplitude to each other and proportional to the amplitude 
of the Balanced Amplifier output signal. A2Q24 and 
A2Q25 (together with the components connected to the 
base of A2Q25) form essentially one transistor with high 
gain, high output impedance and very low output 
capacitance; these factors together with the ‘bootstrap’ 
capacitor A2C42 account for the amplifier’s effectiveness as 
a current source over a wide frequency and temperature 
range. A2C43 (Freq. Response) is adjusted for flat 
frequency response of the detector circuit. 


4-23. AMPLITUDE CURRENT REFERENCE. 


(Schematic 2) 
4-24. Zener Diode A]CR8& maintains a constant voltage 
across R3 (front-panel AMPLITUDE control) and A2R91 
in series, the Amplitude Control Integrator maintains 
essentially 0 Vdc at the output of the current reference (at 
the base of A3Q6): thus, for any given setting of R3, there 
is a fixed voltage drop across A3R19 and A3R20 and a 
fixed amount of current flows from the Amplitude Current 
Reference. When the setting of the AMPLITUDE control 
(R3) is changed, the voltage drop across A3R19 and A3R20 
is changed; this sets a new fixed value of current flowing 
towards the base of A3Q6. 


4-25. AMPLITUDE CONTROL INTEGRATOR. 
(Schematic 2) 
4-26. The circuit consists of A3Q6 through A3Q9 and 
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associated circuitry, including the lamp of the photo- 
sensitive resistor A2ZDSV1 (Schematic 1). A3Q6 and A3Q7 
form a differential amplifier; any change in output from the 
collector of A3Q7 is amplified by A3Q8 and applied to the 
base of A3Q9 to change the current through the lamp of 
the photosensitive resistor (A2DSV1). Changes in lamp 
current change the impedance of the voltage divider at the 
input of the Buffer Amplifier (Paragraph 4-12), thus 
changing the sine wave signal level through the Buffer 
Amplifier and the Balanced Amplifier. The dc current from 
the Average Detector is compared, at the base of A3Q6, 
with the current from the Amplitude Current Reference. In 
the differential pair (A3Q6, A3Q7) the base of A3Q7 is 
connected directly to ground; therefore, as long as the base 
of A3Q6 is held at 0 Vdc, there will be no change in output 
from the collector of A3Q7. The amplitude of the positive 
current flowing from the Amplitude Current Reference is 
fixed; the amplitude of the negative current flowing from 
the Average Detector depends on the level of signal at the 
output of the Balanced Amplifier. These currents are 
summed at the base of A3Q6. The difference current flows 
into the base of A3Q6. The amplitude of the base current is 
set by the AMPLITUDE CAL. adjustment and the AMPLI- 
TUDE control. As long as this current level is not changed 
by a variation in the Average Detector output, there will be 
no change in current through the lamp of the photo- 
sensitive resistor; thus the ac signal level at the output of 
the Balanced Amplifier will be constant. In this condition, 
the ALC loop is in the “quiescent” state and the output of 
the 654A is at the required level. 


4-27. Suppose that the output level of the Balanced 
Amplifier now changes for some reason (e. g. the frequency 
of the Wien Bridge Oscillator is changed); then the 
Amplitude Control Integrator will act to return the signal 
back to its original level in the following manner: 


a. The negative current from the Average Detector 
(A2CR22) will change proportionally with the 
change in ac signal level. This current flowing into 
the summing node at the base of A3Q6 diminishes 
the positive current amplitude thus decreasing the 
base current to A3Q6. This, in turn, begins to shut 
off the transistor. 


b. The output of the Amplitude Control Integrator 
changes in response to the new input so as to 
change the ac signal level into the Buffer Ampli- 
fier. This will be in such a direction as to return 
the Balanced Amplifier ac output back to the level 
where the negative de current from the Average 
Detector is again equal to its quiescent value. In 
this way the 654A output signal is maintained at a 
constant level, 


4-28. To manually control the 654A output level over the 
2 dBm range, the AMPLITUDE control setting is changed; 
this changes the current from the Amplitude Current 
Reference thus changing the base current to A3Q6. The 
Amplitude Control Integrator now acts as before to change 
the Balanced Amplfier ac output level until the current 
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differential at the base of A3Q6 is equal to its quiscent 
value. The ALC circuit contains an integrator for fast 
response without overshoot and without sacrificing the 
ability to reject ripple superimposed on the current from 
the Average Detector. S2C14 is switched in parallel with 
A3C10 on the X10 RANGE for required response of the 
Amplitude Control Integrator at low frequencies. 


4-29. METER CIRCUITS. (Schematic 2) 


4-30. The meter circuits consist of the Meter Differential 
Amplifier, the Meter Offset Current Reference and the 
Meter. As explained in Paragraph 4-22, the Average 
Detector (A2CR21 and A2CR22) monitors the Balanced 
Amplifier output and produces two dc currents, equal in 
amplitude but opposite in polarity, proportional to the 
Balanced Amplifier output. The positive output of the 
Average Detector (from A2CR21) flows to the meter 
circuits. A fixed part of this current flows into the Meter 
Offset Current Reference and the remainder flows through 
the Meter and its shunt resistors A3RI7 and A3R18. The 
Meter (M1) is calibrated to indicate center scale when the 
654A output into rated load (the attenuators set at 0 dBm) 
is 0 dBm. The total range of the meter scale is +/-| dBm so 
that when the Meter indicates -] dBm, no current is flowing 
through the Meter and all of the current from the Average 
Detector is flowing through the Meter Offset Current 
Reference circuit. 


4-31. The action of the Meter Offset Current Reference 
and the Meter Differential Amplifier is very similar to the 
action of the Amplitude Current Reference and the 
Amplitude Control Integrator (described in Paragraphs 4-22 
through 4-25). Apart from a few minor differences the 
circuits are identical. 


4-32. The Meter Offset Current Reference consists of 
A3R6, A3R7, A3R8, A3R9 and A3CR2. A3CR2 is a 
special temperature compensated Zener diode which 
maintains a constant voltage across A3R7 and A3R8 in 
series. Thus, the current flowing into the circuit is 
determined essentially by the voltage across A3R9. This 
current must always be a fixed amount so as to offset the 
Meter scale correctly; therefore, the voltage across A3R9 
must always be fixed; this is achieved by means of the 
Meter Differential Amplifier. The Meter Differential 
Amplifier consists of A3Q2 through A3Q5. A3Q2 and 
A3Q3 form a differential pair; since the base of A3Q3 is 
connected directly to ground, the base of A3Q2 will be 
held at a virtual ground. Any difference between the two 
bases causes an output change from the collector of A3Q3 
which is amplified by A3Q4 and applied to A3Q5 so as to 
return the base of A3Q2 back to virtual ground. One side of 
A3R9 is connected to the base of A3Q2, which is clamped 
to a virtual ground; the other side of A3R9 is connected to 
a constant voltage point (set by A3R7); thus the voltage 
across A3R9 is held constant as required, and the Meter 
Offset Current Reference always takes a fixed amount of 
the current from the Average Detector to offset the Meter. 
A3CS serves to improve the frequency stability of the 
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Meter Differential Amplifier. A3C6 is connected across the 
Meter to damp the meter movement, and A3C7 is switched 
in parallel with A3C6 on the X10 RANGE so as to further 
improve damping of the Meter at very low frequencies. 


4-33, ATTENUATORS. (Schematic 3) 


4-34. The balanced sine wave signal, developed across 
A2R74 and A2R75 in the Balanced Amplifier, is fed 
through A2R76 and C9, and through A2R77 and C10 to 
the Attenuators (S4). The attenuator assembly (S4) consists 
of four attenuators; a 1 dB step and a 10 GB step attenuator 
connected in series for each of the two halves of the 
balanced signal. Each attenuator consists of four resistive 
networks which are switched in various combinations to 
give the required attenuation. The front panel controls 
consist of two concentric rotary knobs labelled OUTPUT 
LEVEL dBm; the outer control, marked in 10 dB steps, 
controls both of the 10 dB step attenuators simultaneously; 
the inner control, marked in | dB steps, controls both of 
the 1 dB step attenuators simultaneously. 


4-35. IMPEDANCE SELECTOR. (Schematic 3) 


4-36. The front panel IMPEDANCE switch (A4S1) selects 
the required output impedance of the 654A. The 
impedance networks and the switching connections are 
shown on schematic 3; the switch connections are shown 
with the 50 ohm UNBAL button pushed. In the BAL 
mode, both front panel output connectors, J3 and J4,are 
used; in the UNBAL mode, only J4 is used. 


4-37. REGULATED POWER SUPPLY. 


4-38. The regulated power supply provides all de voltaged 
required by the 654A Test Oscillator circuits. The power 
supply consists of a +31 V and - 26 V series regulated 
supply. Each power supply is protected by current limiting 
and foldback current limiting. 


4-39. The +3} V and - 26 V power supplies are functially 
identical. Both use operational amplifiers for output voltage 
error amplification. AIR40 adjusts the +31 V_ supply 
voltage and AIR4] adjusts the - 26 V supply voltage. 


4-40. Conventional current limiting is used in both supplies 
to limit the output current to approximately 300 mA. 
Foldback current limiting further limits the output current 
if the output voltage is pulled below approximately 16 V 
by a malfunction in the 654A circuitry. A direct short to 
ground of either supply will result in an output current of 
approximately 10 mA as shown in Figure 4-2. 


441. Figure 4-3 is a simplified schematic of the current 
limiting circuitry used in the 654A power supplies. The 
Current Limiting Transistor A1Q4(+) or AIQ7( - ) is a 
variable shunt to the series regulator drive current. It is first 
switched on by the voltage drop across the Current Limit 
Sensing Resistor when the power supply output current 
teaches approximately 300 mA. The power supply will 
remain in this Conventional Current Limit condition until 
the output current decreases allowing the supply to return 
to normal operation, or until the power supply output 
voltage drops below the Foldback Reference (16.2V). 
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Figure 4-2. Regulated Power Supply Output 


Voltage vs Current. 
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If the latter occurs, the Diode Switch is effectively closed 
and the power supply goes into a Foldback Current Limit 
condition. In this condition the Current Limiting Transistor 
is controlled by the power supply output voltage. As the 
output voltage decreases, the shunt current is increased. 
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Figure 4-3. Simplified Schematic of Current 
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Maintenance described herein is performed 
with power supplied to the instrument, and pro- 
tective covers removed. Such maintenance 
should be performed only by service-trained 
personnel who are aware of the hazards in- 
volved (for example, fire and electrical shock). 
Where maintenance can be performed without 
power applied, the power should be removed. 
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SECTION V 


MAINTENANCE 


5-1. INTRODUCTION. 


5-2. This section contains maintenance and _ service 
information for the -hp- Model 654A Test Oscillator. 
Included are performance checks and adjustment and 
calibration procedures. 


5-3. Table 5-1 lists the equipment required to properly 
maintain the Model 654A. If the recommended model is 
not available, any instrument that has specifications equal 
to, or better than, the required specifications may be used. 


5-4. PERFORMANCE CHECKS. 


5-5. The performance checks are in-cabinet tests (except 
where noted) to compare the performance of the Model 
654A with the specifications given in Table 1-1. These 
checks may ‘be used for incoming inspection, periodic 
maintenance and for performance checks after a repair. The 
Performance Check Test card at the end of Section V may 
be cut out.and used as a permanent record of the 
instrument’s performance during incoming inspection. It is 
recommended that performance checks and, if necessary, 
calibration be performed every 90 days. 


5-6. FREQUENCY CHECKS. 
5-7. FREQUENCY RANGE CHECK. 


a. Connect an electronic counter to the 654A rear 
panel COUNTER OUTPUT. 


b. Set the 654A controls as follows: 


FREQUENCY RANGE ................. X10 
FREQUENGY dial ic. ec see .52 Extreme clockwise 


c. The counter should indicate a period average of 
100ms or greater, verifying a frequency of 10Hz, 
or less, at the lower end of the frequency range. 


d. Set the FREQUENCY RANGE switch to X1M and 
FREQUENCY dial to its extreme 
counter-clockwise postiton. The counter should 
indicate a frequency of !0MHz, or greater, 
verifying a frequency of at least 1OMHz at the 
upper end of the frequency range. 


e. Perform the Frequency Adjustments (Paragraphs 
5-47 through 5-57) if the tolerances are not met. 


5-8. FREQUENCY ACCURACY CHECK. 


a. Connect an electronic counter to the 654A rear 
panel COUNTER OUTPUT. 


b. Set the 654A controls as follows: 


FREQUENCY RANGE. .. 2 ccccasasoeee en X10 
FREQUENCY ‘dial siccus pereiwn ee ami mewrws l 


c. Verify frequency accuracy using the settings and 
tolerances given in Table 5-2. Use the period 
average setting on the counter for frequencies 
below [kHz and use the frequency setting for 
frequencies above 1kHz. 


d. Perform the frequency adjustments (Paragraphs 
5-47 through 5-57) if the tolerances are not met. 


5-9. AMPLITUDE ACCURACY CHECKS. 
(Sec also Table 3-1, Page 3-1). 


5-10. 50 UNBAL AMPLITUDE ACCURACY. 


a. Connect the equipment as shown in Figure 5-1. 
Use the 50 ohm Feedthrough termination which 
should be connected directly to the 654A output 
connector. 


b. Set the 654A controls as follows: 


FREQUENEY ‘dial i s22 sweascscwrmimeny gene l 
FREQUENCY RANGE: occ. te mean ne XIK 
OUTPUT LEVEL GBii 2222505 seen ieee +10,0 
IMPEDANGE 6.53.50 de-aciearew o's actus 50 UNBAL 
AMPLITUDE « sacis screw sn ves Adjust for 0dBm 


on 654A meter. 


c. The ac voltmeter indication should be between 
.7000 V rms and .7142 V rms verifying an abso- 
Jute level of + 10 dBm, +/-14%. 


d. If the tolerances are not met perform the Meter 
Tracking and Amplitude Control Adjustments of 
Paragraphs 5-58 through 5-60. 


5-11. 75 UNBAL AMPLITUDE ACCURACY. 


a. Perform the procedure of Paragraph 5-10 except: 
in step a. Use the 75 ohm _ feedthrough 
termination; 
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Table 5-1. Required Test Equipment 


Voluneter 


Accuracy: at least .1% of reading at 1kHz. 


{INSTRUMENT 
TYPE REQUIRED CHARACTERISTICS RECOMMENDED MODEL vA 
Electronic Frequency: 10.00Hz to 10.00MHz. -hp- Model 5245L € 
Counter Period: |.000ms to 100.0ms. Electronic Counter. 
“AC Digital T Range: .9999V rms and 9.999V rms full scale. -hp- Model 3450B 


Multifunction Meter 


Analyzer 


Wave | Frequency Range: |MHz to 22MHz. 


Must be compatible with Tracking Oscillator. 


(Note: the HO5-31 2A is required only for distortion checks, 
otherwise a standard -hp- 312A can be used.) 


with OPT 001 
| -hp- Model HO5-312A 
Wave Analyzer. 


Tracking 
Oscillator 


| Must be capable of expanding wave analyzer 
meter indication to resolve 0.05dB. 


Distortion 
Analyzer 


-hp- Model 313A 
Tracking Oscillator. 


Distortion Sensitivity: greater than 46dB, 
ica range: 1OHz to 600kHz. 


hp- Model 333A ‘| 
Distortion Analyzer. | 


Amplifier 


Gain: 40dB. 
Frequency range: 1kHz to 1OMHz. 


-hp- Model 461A General 
Purpose Amplifier. 


AC Voltmeter 


| Frequency range: |OFlz to LOMHz. 
Voltage range: 1.00mV rms to 1.00V rms 
(dB scales referenced to [mW into 600 ohms). 


DC Null 
Voltmeter 


= 
Range: 10uV to |OmV. 
Accuracy: +/-2% of full scale. 


DC Voltmeter 


| Range: 0.1V to 100V. 


-hp- Model 400E 
AC Voltmeter. 


-+hp- Model 419A 
DC Null Voltmeter. 


“War Model 427A 


Input Impedance: 10 megohms. Multi-Function Meter. 


Oscilloscope Sensitivity: SmV/cm. “| chp- Model 180A 


Bandwidth: de to SOMHz. Oscilloscope with 1801A 
| and 1820A plug-ins. 
Feedthrough ~T Resistance: Feced-Thru q 


(a) 50 ohms +/-.25% 
(b) 75 ohms +/-.25°% 


Altenuators Frequency range: 1OHz to LOMHz (with known 
accuracy at ]OkHz, 300kHiz and 1OMHz). 

Altenuation range: 

(a) 9dB in 1dB steps. 

(b) 90dB in 10dB steps. 


Thermal Frequency range: 10Hz to 1OMHz. 
Converters Input: at least +!0dBm into rated input impedance. 
Input impedance: 
(a) 50 ohms, unbalanced. 
(b) 75 ohms, unbalanced. 
(c) 135 ohms, balanced. 
(d) 150 ohms, balanced. 
(e) 600 ohms, balanced. 


(a) -hp- Model 11048C_ 
(b) -hp- Model 11094A 


Terminating 
Resistunce 


VHF Attenuators 
(a) -hp- Model 355C 
(b) -hp- Mode! 355D 


Thermal Converters 

(a) -hp- Model 11050A 

(b) -hp- Model HO! -11050A 
(c) -hp- Model H1I1-11050A 
(d) -hp- Mode! H12-11050A 
(e) -hp- Model H10-11050A 


-hp- Model 10110A 
(2 required) 


BNC to Binding 
Post Adapter 


Resistors. 1/8 W, metal film. -hp- Part No: 
(a) 75 ohms, .25% (two required). 06986262 
(b) 135 ohms, .1% (four required). 0698-7364 
(c) 300 ohms, .1% (two required). 0698-6295 
Note. The following items are not commercially available Note: The following are useful optional items. 1 


bul can be easily constructed. refer to the figures 
listed'for schematics and parts lists. 


DC Reference Supply 


\).Jumper cable, 8 in., -hp- Part No. 10502-6001 
(2 required, see Paragraph 5-30a) 


Figure 54 


75 ohm to $0 ohm Impedance Converter Figure $-7 
Figure 5-9 


troubleshooting 
(Refer to Paragraphs 5-79 and 5-83.) 


2) Sine-Wave Signal Generator: may be required for (\ 


Balance Box 


1OMHz Low-Pass Filter 


igure 5-12 


odel 654A 


or 


C 


Model 654A 


Table 5-2. Frequency Accuracy Check 


FREQUENCY COUNTER 
DIAL RANGE INDICATION 


ACCURACY 


Counter set to 
Period Average 


100ms + 3ms 
40ms +1.2ms 
20.0ms +0.6ms 
12.5ms +.375ms 
10.0ms +0.3ms 


4.00ms + .08ms 

2.00ms +0.04ms 
1.25ms +.025ims 
1.00ms +0.02ms 


Counter set to 
Frequency 


1,000Hz + 20Hz 
2500Hz + SOHz 
5,000Hz + !OO0Hz 
8,000Hz + 160Hz 


4+ HH HH 


10.0kHz £0.2kHz 
25kHz + .5kHz 


80kHz + 1.6kHz 
100kHz + 2kHz 


HH H iH OH 


100kHz + 2kHz 
250kHz + 5kHz 


800kHz + |6kHz 
| OOOKHz + 20kHz 


1,000kHz + 20kHz 


a ae a ee 


5,000kHz + 100kHz 
8,000kHz + 320kHz 
10,000kHz +400kHz 


4+ HH I 


10.0ms +0.2ms a. 


10,000Hz + 200Hz b 


50.0kHz + 1 .OkHz c 


500kHz + 10kHz es 


2,500kHz + SO0kHz fi. 
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in step b. Set IMPEDANCE to 75 UNBAL; 

in step c. The ac differential voltmeter indication 
should be between .8573V rms and .8747V 
rms. 


. If the tolerances are not met, first assure that the 


50 ohm output is correct (Paragraph 5-10) then 
troubleshoot the instrument. The trouble will 
most probably be in either the 50 ohm or 75 ohm 
impedance networks on the A4 board. 


5-12. 135 BAL AMPLITUDE ACCURACY. 


Connect the equipment (shown in Figure 5-2), in 

the following manner: 

1) Connect a 67.5 ohm resistor (use two 135 ohm 
resistors in parallel, RI and R2) across two BNC 
to Binding Post Adapters as shown in Figure 5-2. 


2) Connect the adapters to the two output 
terminals of the 654A. 


3) Connect the ac voltmeter across the resistor 
which is connected to the 654A UNBAL 
terminal, 


. Set the 654A controls as in Paragraph 5-10b 


except set IMPEDANCE to 135 BAL. 


Record the ac differential voltmeter indication. 


. Disconnect the voltmeter from the one resistor 


and record the voltage across the other resistor 
(connect the ground lead as before). 


Add the two voltages recorded in steps ¢ and d, 
The total voltage should fall between |.150V rms 
and 1.174V rms, verifying an absolute level of 
+] 0dBm, +/-1%. 


If the tolerances are not met troubleshoot the 
instrument; the most likely problem would be the 
135 ohm impedance network on the A4 board. 


MULTI- FUNCTION METER 
hop 3450B 
509 FEED-THRU 
TERMINATION 
L hp \1048C 
544-8 1893 
------- af -- 5) WITH OPT. OO! 
750 FEED-THRU} 
TERMINATION ! 
) CABLE 
hp 11094C hp \lOOIA 
~---40{1_b -------- —I-—_—_— 


Figure 5-1. Amplitude Accuracy Checks - UNBAL 


5-3 
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Model 654A 


TEST OSCILLATOR 
hp654A 


ADAPTER 
hpiOlloa 


ADAPTER 
hplOlloa 


MULTI-FUNCTION METER 
hp 34508 


SEE TEXT FOR 
VALUES OF RI AND R2 


Figure 5-2, Amplitude Accuracy Checks - 


5-13. 150 BAL AMPLITUDE ACCURACY. 


a. Connect the equipment as in Paragraph 5-]2a 
except use 75 ohm resistors in place of the 67.5 
ohms. 


b. Set the 654A controls as in Paragraph 5-10b 
except set IMPEDANCE to 150 BAL. 


c. Perform steps c and d of Paragraph 5-12. 


d. Add the two voltages; the total voltage should fal] 
between 1.213V rms and 1.237V rims verifying an 
absolute level of +10dBm, +/-1%. 


e. If the tolerances are not met troubleshoot the 
instrument; the most likely problem would be the 
150 ohm impedance network on the A4 Board. 


5-14. 600 BAL AMPLITUDE ACCURACY. 


a. Connect the equipment as in Paragraph 5-1 2a 
except use 300 ohm resistors in place of the 67.5 
ohms. 


b. Set the 654A controls as in Paragraph 5-10b 
except set IMPEDANCE to 600 BAL. 


c. Perform steps c and d of Paragraph 5-12. 


BAL 


d. Add the two voltages; the total voltage should fall 
between 2.424V rms and 2.474V rins verifying an 
absolute accuracy of +10dBm +/-1%. 


e. If the tolerances are not met troubleshoot the 
instrument; the most likely problem would be the 
600 ohm impedance network on the A4 Board. 
5-15, LEVEL FLATNESS CHECKS. 


5-16. 50 UNBAL FLATNESS CHECK. 


a. Set the 654A controls as follows: 


FREQUENCY dial 


FREQUENCY RANGE ................. X!IK 
OUTPOT LEVELGBH 2s casaxgeaecengs +10.0 
IMPEDANGE. 55 55.24 2c¢09 2983 2084-2 50 UNBAL 
AMPLITUDE............... Adjust for OdBm 


on 654A meter. 


b. Connect the equipment shown in Figure 5-3; use 
the 50 ohm thermal converter (Table 5-3) which 
should be connected directly to the 654A UNBAL 
output connector. (The parts required to build the 
Reference Supply are shown in Figure 54). 


TEST OSCILLATOR 
hp654A 


6544-8 -1895 


DC NULL 
VOLTMETER 
hp 4198 


L 
REFERENCE | 
SUPPLY 
| 
| 


E 
FIGURE 5-4 


SEE TABLE 5-3 asia es irs al 


Figure 5-3. Level Flatness Checks 


$4 


5 
: 


. 1 654A Section V 
adel 65a | Mode — 
: 
Table 5-3. Thermal Converters for Level Flatness Checks. 
(See Paragraph 5-16 for explanation) 
INPUT Output Voltage 
IMPEDANCE -hp- Part No. Input Level (dc) +/-0.5% deviation 
50 UNBAL 11050A +10dBm mV +/- uV 
OdBm mV +/- uV 
75 UNBAL HOI-11050A +10dBm mV +/- uV 
OdBm mV +/- uV 
135 BAL H11-11050A +10dBm mV +/- uV 
OdBm mV +/- uV 
150 BAL H12-11050A +10dBm mV +/- uV 
should fall OdBm mV + uV 
erifying an 
600 BAL H10-110S50A +10dBm mV +/- uV 
shoot the OdBm mV +/- uV 
uld be the 
Board. c. Set the reference supply for minimum output steps c through f of this paragraph to verify a 


voltage and record, in Table 5-3, the thermal 
converter Output voltage indicated on the dc null 
voltmeter. 


d. Using the formula given below, calculate the 
voltage deviation which represents a change of 
+/-0.5%; record this in the last column of Table 


> ~* 
ie Gam E8 ] 


_ 2E (% change) 


XIK “PR 100 
... 10,0 ieee a 
maximum allowable deviation from E 
0 UNBAL E = thermal converter output voltage 
for OdBm % change =(+/-) 0.5% 
me seh Example: If E= 7mV 
53: x 10°3 x (+/-)0.5 
ay ben Then +/- AE = ae = +/-70uV. 
A UNBAL 
) build the 
4). — = NOTE 


The factor 2 is included in the formula as 
the thermal converter is a square law 
device. 


e. Adjust the reference supply for null indication on 
the de null meter. 


f. Sweep the 654A slowly over the frequency range 
of 10Hz to 1OMHz; the dc null meter indication 
should not vary more than +/-AE (calculated in 
step d of this Paragraph) from null. This verifies a 
level flatness, referenced to 1kHz, of +/-0.5% at an 
output level of +10dBm. 


. Reset the 654A frequency to IkHz and the 
10dBm step attenuator to O position and repeat 


flatness of +/-0.5% at an output level of OdBm. 


h. If the tolerances are not met, first check the 75 
UNBAL flatness (Paragraph 5-17) before 
performing the calibration of Paragraph 5-67. 


5-17. 75 UNBAL FLATNESS CHECK. 


a. Perform the procedure of Paragraph 5-16 steps a 
through g with the following changes: 
in step a. Set IMPEDANCE to 75 UNBAL, 
in step b. Use the 75 ohm thermal converter 
(Table 5-3). 


b. If the tolerances are not met, perform the 
calibration of Paragraph 5-66. 


REFERENCE, SUPPLY 


Parts list: 


RI: R fxd met flm 6500 ohms +/-1% 
-hp- 0811-0392 

R2: R var 500 ohms +/-5% 
-hp- 2100-0324 

R3: R var 50 ohms +/-5% 
-hp- 2100-1481 

BT1: 1.34V Mallory RM42R 


Figure 5-4. Reference Supply 
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5-18. 135 BAL FLATNESS CHECK. 


a. Perform the procedure of Paragraph 5-16 steps a 
through g with the following changes: 

In step a. Set [IMPEDANCE to 135 BAL; 

In step b. Use the 135 ohm thermal converter 
(Table 5-3) which should be connected directly 
to both output connectors of the 654A; 

In step f. Sweep the 654A over the frequency 
range of 1OHz to 5MHz. 


b. If the tolerances are not met, first assure that the 
75 UNBAL flatness is within tolerance before 
troubleshooting the 654A. 


5-19, 150 BAL FLATNESS CHECK. 


a. Perform the procedure of Paragraph 5-16 steps a 
through g with the following changes: 

In step a. Set IMPEDANCE to 150 BAL; 

In step b. Use the 150 ohm thermal converter 
(Table 5-3) which should be connected directly 
to both output connectors of the 654A, 

In step f. Sweep the 654A over the frequency 
range of 1OHz to 5MHz. 


b. If the tolerances are not met, first assure that the 
75 UNBAL flatness is within tolerance before 
troubleshooting the 654A. 


5-20. 600 BAL FLATNESS CHECK. 


a. Perform the procedure of Paragraph 5-16 steps a 
through g with the following changes: 

In step a. Set IMPEDANCE to 600 BAL; 

In step b. Use the 600 ohm thermal converter 
(Table 5-3) which should be connected directly 
to both output connectors of the 654A. 

In step f. Sweep the 654A over the frequency 
range of 1OHz to | MHz. 


b. If the tolerances are not met, first assure that the 
75 UNBAL flatness is within tolerance before 
troubleshooting the 654A. 
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5-21. METER TRACKING ACCURACY CHECK. 


a. Connect the equipment as shown in Figure 5-5. 
Use an attenuator with known accuracy at 10kHz, 
and JOMHz. 


b. Set the 654A controls as follows: 


FREQUENCY RANGE ................. XIK 
FREQUENGY dial cscs ccexvmeseean a9 5 eoed 10 
OUTPUT LEVEL dBm ................ +10,0 
IMPEDANGE pss :aencueems nance s s 50 UNBA 

AMPLITUDE ...............--.... Adjust for 


OdBm on 654A meter 


c. On the rear panels of the instruments, connect the 
312A Wave Analyzer RECORDER OUTPUT to 
the 313A Tracking Oscillator RECORDER 
INPUT. Set the tracking oscillator METER MODE 
switch to EXPAND 312A. 


d. Set the external attenuator to -1dB position. 


e. Adjust the wave analyzer to the same frequency as 
the 654A and for a meter indication of between 
-7dB and +3dB. 


f. Adjust the tracking oscillator SCALE OFFSET 
control for a OdB reference indication on the 
oscillator meter. 


g. Set the external attenuator for OdB attenuation. 


h. Adjust the 654A AMPLITUDE control to return 
the tracking oscillator meter indication to OdB 
reference; 654A meter should indicate -1dBm, 
+/-0.05dBin. 


i. Set the external attenuator to -2dB position. 


j. Adjust the 6544 AMPLITUDE control to return 
the tracking oscillator meter indication to OdB 
reference; 654A meter should indicate +1dBm, 
+/-0.05dBm. 


TEST OSCILLATOR 
hp654a 


TRACKING OSCILLATOR 


|DB/STEP 
ATTENUATOR 
hp 355C 


Ap3i3a 


WAVE ANALYZER 
hp3i2a 


Figure 5-5. Meter Tracking Accuracy Check 


’ 
del 654A = Model 654A 


k. Adjust the 654A to 1OMHz and reset the 
figure 5-5, AMPLITUDE control for OdBm indication on the 


at 1OkHz € 654A meter. 
|. Repeat steps d through j of this paragraph to 


check tracking at 1|OMHz. 


I di 


XIK m.These checks verify meter tracking accuracy of 
wee 10 +/-0.05dB; perform the adjustments of Paragraphs 
..+10,0 5-58 through 5-60 if the limits are not met. 
O UNBAL 
Adjust for 5-22. ATTENUATOR ACCURACY CHECKS. 
54A meter 
5-23. MEASUREMENT PROBLEMS. 
onnect the 
JTPUT to §-24. The test sect up for the attenuator checks is critical. 
‘;CORDER Improper grounding can give attenuator measurement 
ER MODE errors of greater than I!dB. Ground loops can be eliminated 


by using an adequate Isolation Transformer connected 
between the power line source and the 654A as shown in 
ion, Figure 5-6. 


Fee 5-25. If the 654A attenuators do not appear to be within 
the limits given in the following checks, carefully check the 
test setup before troubleshooting the attenuators; the 

OFFSET placement of the shield around the 654A attenuators is 

n on the extremely critical and, if disturbed, can adversely affect the 
high frequency response of the attenuators (see Paragraph 
5-97). 

uation. 

to return 

n to OdB 

e -ldBm, 

on. 

to return 

n to 0dB 

> +1dBm, 


|DB/STEP 
ATTENUATOR 


750 FEED-THRU 
TERMINATION 

APIlO94A coun. cencras 

OF CABLE ©) 
750 TO 50M \_---4 


IMPEDANCE CONVERTER 
SEE FIGURE 5-7 


TRACKING OSCILLATOR 
hp3i3A 


l\ODB/STEP 
ATTENUATOR 
hp 3550 
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5-26. 10dB-STEP ATTENUATOR CHECK. 


NOTE 
See Paragraphs 5-24 and 5-25 before 
making this check. 


a. Connect the equipment shown in Figure 5-6. 
(Figure 5-7 shows the parts required to build the 
75 ohm to 50 ohm impedance converter). Use the 
10dB/step external attenuator (with known 
accuracy at 300kHz and 10MHz), do not connect 
the 1dB/step attenuator at this time. 


b. On the rear panels of the instruments connect the 
312A Wave Analyzer RECORDER OUTPUT to 
the 313A Tracking Oscillator RECORDER 
INPUT. Set the tracking oscillator METER MODE 
switch to EXPAND 312A. 


c. Set the 654A controls as follows: 


FREQUENCY Giall «oc. cscemdece ns ameu sane wh nine 3 
FREQUENCY RANGE ......-. 2.0055. XtOOK 
OUTPUT LEVEL dBm ................ +10,0 
IMPEDANCE. o 6.0.04 04 ene ecesng oa gary 150 BAL 
AMPLITUDE «s..004 cece ces Adjust for 0dBm 


on 654A meter. 


d. Set the external attenuator to -90dB position and 
the external amplifier gain to +40dB. 


WAVE, ANALYZER | fF 
hp3i2a 


AMPLIFIER 
hp 4614 


Figure 5-6. Attenuator Accuracy Checks 
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e. Adjust the wave analyzer to the same frequency as 


the 654A and for a meter indication of between 
-7dB and +3dB. 


. Adjust the tracking oscillator SCALE OFFSET 
control for a meter indication of OdB reference 
level. 


. Check the 654A 10dB attenuator at each position 
by decreasing attenuation on the external 
attenuator as attenuation is increased on the 654A 
attenuator. at each position the tracking oscillator 
meter indication should be OdB, +/-0.15dB. 


. Check the 654A I0dB attenuator at LOMHz using 
the following procedure. 
1) Set the 654A to 1OMHz. 


2) Repeat steps d, e and f of this paragraph. 


3) Repeat step g of this paragraph for the +10 
through -60dB position of the 654A attenuator. 

4) Repeat step g for the -70 and 80 positions of 
the 654A attenuators except that the tracking 
oscillator meter indication for these two 
positions should be OdB, +/-1dB. 


NOTE 
This procedure, so far, has checked only 
one side of the attenuator, the following 
step describes how to check the other 
side. 


i. Check the other side of the 654A 10dB attenuator 


at 300kHz and 1OMHz by interchanging the two 
cables connected to the 654A output connectors 
(i.e. as viewed in Figure 5-6, the cable terminated 
in 75 ohms is moved with the termination to the 
right-hand connector and the cable connected to 
the 75ohm to 50 ohm impedance converter is 
moved with the converter to the left-hand con- 
nector); then repeat steps c through h of this 
paragraph. 


Model 654A 


5-27. 1dB-STEP ATTENUATOR CHECK. 


NOTE 
See Paragraphs 5-24 and 5-25 before 
making this check. 


a. Connect the equipment as in Figure 5-6 with the 


}dB/step external attenuator connected directly 
between the 75 ohm to 50 ohm impedance con- 
verter and 312A Wave Analyzer. 


. Perform steps b and c of Paragraph 5-26. 
. Set the external attenuator to the -9dB position. 
. Perform steps e and f of Paragraph 5-26. 


. Check the 654A 1dB step attenuator at each 


position by decreasing attenuation on the external 
attenuator as attenuation is increased on the 654A 
attenuator; at each position the tracking oscillator 
meter indication should be OdB, +/-0.15dB. 


Repeat the check with the 654A and wave 
analyzer set to 1OMHz to verify the attenuator 
accuracy at high frequency. 


NOTE 


This procedure, so far, has checked only 
one side of the attenuator, the following 
step describes how to check the 
remaining half. 


. Check the other side of the 654A 1!dB step 


attenuator at 300kHz and lOMHz by 
interchanging the cables (as described in Paragraph 
5-26, step i) and repeating steps b through f of this 
paragraph (5-27). 


5-28. BALANCE CHECKS. 


5-29. If the tolerances given in the following procedures 


CONNECTOR 
hp PART NO. 
11048-27603 


CONNECTOR 
p PART NO. 
1250-0052 


CONNECTOR THREADED SLEEVE 
hp PART NO. PART NO. 
1250-0083 11048-27604 


eels #790 


Ri 
43032 
752 son 
R2 
86.62 


752 TO 5002 CONVERTER 


93.20 1% 1/8W 


PART NO. 
757-0392 


86.60 +1% 1/8W 
hp PART NO. 
0698-4398 


Figure 5-7. 


Impedance Converter 


ydel 654A 


swith the 
1 directly 
ance con- 


s position. 


r at each 
e external 
the 654A 
_ oscillator 
IB. 


and wave 
ittenuator 


ve 


IdB step 
MHz by 
Paragraph 
th f of this 


srocedures 
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TEST OSCILLATOR 


654A-8-1698 


EQUAL 


CABLE 
CABLE, ote 
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AC VOLTMETER 
hp 400E 


BALANCE 
BOx >>! 
SEE FIGURE 5-9 f 


Figure 5-8. Balance Checks 


(Paragraphs 5-30 through 5-34) are not met, perform the 
Balance Adjustments (Paragraph 5-62 through 5-64). 


5-30. 135 BAL CHECK. 


a 


® : 


Connect the equipment, as shown in Figure 5-8, 
using the 135 ohm Balance Box: (the parts 
required to build the Balance Box are shown in 
Figure 5-9) the cables from the 654A should be as 
short as possible and of equal length (jumper 
cables, -hp- 10502-6001, which are made from 8 
in. lengths of coaxial cable, are suitable for this 
application). 


Set the 654A controls as follows: 


PREQUENECY dial... oscccicecrnine anincaees ins | 
FREQUENCY RANGE ................. X10 
OUTPUT LEVELABMm i: aissecannes x. +10,0 
[IMPEDANCE o.0 csr cmderrins is ainsi 135 BAL 
AMPLITUDE eases canna va ae Adjust for 0dBm 


on 654A meter. 


. Sweep the 654A slowly over the frequency range 


of 10Hz to IMHz; the ac voltmeter indication 
should remain below 3.68mV_ rms, verifying 
balance of greater than S5OdB from 10Hz to |MHz. 


. Sweep the 654A slowly over the frequency range 


of 1MHz to 5MHz; the ac voltmeter indication 
should remain below 11.6mV_ rms, verifying 
balance of greater than 40dB from 1MHz to 
5MHz. 


5-31. 150 BAL CHECK. 


_ 5-32. Repeat the procedure of Paragraph 5-30 with the 
following changes: 


in step a. use the 150 ohm Balance Box (See 
Figure 5-9), 

in step b. set IMPEDANCE to 150 BAL; 

in step c. ac voltmeter indication should be below 
3.87mV rms; 


150 ohms 200 ohms, -hp- 0757-0407 
600 ohms open 


in step d. ac voltmeter indication should be below 
12.25mV rms. 


5-33. 600 BAL CHECK. 


5-34. Repeat the procedure of Paragraph 5-30 with the 
following changes: 


in step a. Use the 600 ohm Balance Box (See 
Figure 5-9); 

in step b. Set IMPEDANCE to 600 BAL, 

in step c. ac voltmeter indication should be below 
7.75mV rms; 

in step d. ac voltmeter indication should be below 
24.5mV rms. 


5-35. DISTORTION CHECK. 


a. Connect a distortion analyzer to the 654A 50 ohm 
output as shown in Figure 5-10. 


BALANCE BOX 


rc 


=) 
ae 634A-8-1891 


Parts List: (All resistors 1/8 watt metal film.) 


RI, R2 300 ohms +/-.1% 
R3 150 ohms +/-1% 


-hp- 0698-6295 
-hp- 0757-0284 


135 ohms 174 ohms, -hp- 06984417 


Figure 5-9, Balance Box 
5-9 
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TEST OSCILLATOR DISTORTION ANALYZER 


hp654A 


634A-8-1899 


© 
50Q_ FEED-THRU 
TERMINATION 
hp \|048C 


Figure 5-10. Distortion Check 


b. Set the 654A controls as follows: 2) Using the chart below (Figure 5-1 2), 


FREQUENCY dial... cies ce ne eine we ow neces l 
FREQUENCY RANGE ................. X10 
OUTPUT LEVEL dBm ...............- +10,0 
IMPEDANCE: cc oacrayiesird and ote vows 50 UNBAL 
AMPLITUDE « secasxeeen toy Adjust for +1 dBm 


on 654A meter. 


. Verify distortion of greater than 40dB below the 

fundamental frequency by checking the distortion 

at the following frequency settings of the 654A: 

|) FREQUENCY dial at 1, 2,5, 8 and 10 for each 
FREQUENCY RANGE switch setting, X10, 
X100, XIK, and XIOK. 


2) FREQUENCY dial at 1, 2 and 5 for XI100K 
setting of FREQUENCY RANGE switch. 


. Disconnect the 654A from the distortion analyzer 
and connect the 654A to the wave analyzer 
(remove 50 ohm feedthru termination). 


. Set the 654A FREQUENCY RANGE switch to 
X1M and the FREQUENCY dial to 1. 


f. Tune the wave analyzer to IMHz and note the 


level (in dB) of the 654A fundamental frequency 
as indicated on the wave analyzer meter. 


. Tune the wave analyzer to the second and third 
harmonics of the 654A frequency and record the 
difference (in dB) between the level of each 
harmonic and the level of the fundamental. 
Calculate the total harmonic distortion 
(calculation below) which should be at least 40dB 
below the fundamental frequency level. 


NOTE 
If both harmonics are more than 43dB 
below the fundamental, the total 
harmonic distortion will be more than 
40dB down and it will not be necessary 
to make the following calculation. 


1) Ascertain the difference between the 
two harmonic levels (in dB). 


determine the dB to be added to the 
largest harmonic level. 


3) Add this amount to the largest har- 
monic level. This total should be 
> 40 dB below the level in step fF. 


Example: 

If two harmonics with levels of 
-42dB and -48dB are measured, the 
difference is -48 -(-42)=-6. Observing 
the chart this corresponds to an added 
level of 1.0dB. Adding this to the 
largest harmonic level (-42dB) gives 
-42 +1.0=-41dB. 


h. Set the 654A frequency to SMHz; tune the wave 


analyzer to S5MHz and repeat steps f and g to 
measure the total harmonic distortion at SMHz, 
which should be greater than 34dB below the 
fundamental. 


i. Set the 654A frequency to 1!0MHz; tune the wave 


analyzer to 1OMHz and record the level indicated 
(in dB) on the wave analyzer meter. 


j. Tune the wave analyzer to 20MHz and measure 


the distortion which should be at least 34dB below 
the level recorded in step i. 


. Perform the adjustment of Paragraph 5-51 if the 


tolerances are not met. 


5-36. HUM AND NOISE CHECK. 


a. Connect the equipment shown in Figure S-11. 


Figure 5-3 shows the parts required to build the 
LOMHz Low-Pass Filter. 


b. Set the 654A controls as follows: 


FREQUENCY dial ........-.. Extreme Clockwise 
FREQUENCY RANGE .............-.-. XIK 
OUTPUT LEVELABM ¢ccciesasneweaex +10,0 
IMPEDANCE.................... 50 UNBAL 


| 
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| 

10 MHz : 
LOW PASS 3 r 

FILTER é 

SEE FIGURE 5-12 | 
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AC VOLTMETER 
hp 400E 


500 FEEO-THRU 
TERMINATION 


hp\1048c 


), 
ae Figure 5-11. Hum and Noise Check 
ste c. Adjust the 654A AMPLITUDE control for an ac d. Remove the 654A top cover: insert a screwdriver 
$8 voltmeter indication of OdB on the OdB range. between the tuner capacitor (point X on Figure 
5-14) and chassis ground. The residual hum and 
noise indicated on the ac voltmeter should be 
greater than 70dB below the OdB reference. 
of IN THE FOLLOWING STEP THE 654A 
1e TUNER CAPACITOR IS SHORTED TO 
aT GROUND. CARE SHOULD BETAKEN 2 J ELE ST ----- -------- 
rd NOT TO TOUCH OR DAMAGE THE | LI eis L4 
e PLATES OF THE TUNER CAPACITOR a a a 
es OTHERWISE THE INSTRUMENT WILL 
HAVE TO BE RECALIBRATED. al ial ee 7 st i 
| 
! 


e the wave 


at SMHz, 

below the DO NOT MOVE THE TWO WIRES BE- 
TWEEN TUNER AND RANGE SWITCH 
(95 AND 8); THEIR POSITION WILL 

e the wave EFFECT FREQUENCY. ALL WIRES 

| indicated ON OR AROUND THE FREQUENCY 
RANGE SWITCH CAN EFFECT FRE- 
QUENCY RESPONSE. 

d measure 

4dB below 


3-51 if the 


+ 
Ww 
2 

Oo 


+ 
nm 
. 

n 


igure S-I 1. 
> build the 


tl 


° 
uo 


ees 
fo) 
. 

on 


Tasa-B-F230A 


TO LARGEST HARMONIC LEVEL 


NUMBER OF DECIBELS TO BE ADDED 


ie) =o -4 -6 -38 “10-12-14 -16 
DECIBEL DIFFERENCE BETWEEN TWO VALUES 


Figure 5-12, Logarithmic Addition of Harmonic Components 


-hp- 0160-2205 
-hp- 0140-0149 
-hp- 9100-1614 
-hp- 9140-0024 


Cap fxd: 120pF +/-5% 
Cap fxd: 470pF +/-5% 
Ind fxd: 0.82uH +/-10% 
Ind fxd: 0.68uH +/-15% 


Figure 5-13. 1OMHz Low Pass Filter 


e. If the tolerance is not met ensure that a good 
ground connection was made in step d before 
troubleshooting the instrument. 


5-37. COUNTER OUTPUT CHECK. 
a. Set the 654A controls as follows: 


FREQUENEY' dial coc cece peewee een een 1 
FREQUENCY RANGE . 2.25 se¢usesce02% X10 


b. Connect an ac voltmeter to the 654A rear panel 
COUNTER OUTPUT; terminate the the cable to 
the ac voltmeter with a 50 ohm feedthrough 
termination. 


c. Sweep the FREQUENCY dial slowly from | to 10 
for all positions of the FREQUENCY RANGE 
switch. 
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d. The ac voltmeter indication should be 0.1 V rms or be performed only if it has been determined by the 
greater. verifying an output of at least 0.1V rms Performance Checks that the 654A is not meeting its 
into 50 ohms. specifications, Figure 5-14 shows the location of all internal 


adjustments. 
é: If the limits are not met troubleshoot the 5-40. CALIBRATION PROCEDURE. 
instrument. 
5-41. To remove the top or bottom cover, remove the two 
5-38. ADJUSTMENT PROCEDURE. retaining screws, slide the cover about 1/2 inch to the rear 
and lift off. To remove the side covers, remove the two 
5-39, The following isa complete calibration procedure for retaining screws and lift off. To replace the covers, reverse 
the Model 654A Test Oscillator. These adjustments should the procedure. 


THE 654A CONTAINS HIGH IMPEDANCE, HIGH FREQUENCY CIRCUITS. CONTAMINATION OF 
THE SWITCHES, CIRCUIT BOARDS OR TUNING CAPACITOR WILL CAUSE HIGH IMPEDANCE 
LEAKAGE PATHS AND SUBSEQUENT DETERIORATION OF THE PERFORMANCE OF THE 
INSTRUMENT. AVOID TOUCHING ANY OF THESE CIRCUITS WITH THE BARE FINGERS, AS SKIN 
OILS ARE EXTREMELY CONTAMINATING, IF HANDLING IS NECESSARY, WEAR CLEAN 
COTTON OR RUBBER GLOVES. DO NOT USE A PENCIL TO TRACE CIRCUITS IN THE 
INSTRUMENT. GRAPHITE PENCIL LEAD IS AN EXTREMELY GOOD CONDUCTOR AND AN 
ACCIDENTALLY INTRODUCED PATH OF THIS TYPE IS SOMETIMES DIFFICULT TO LOCATE. TO 
AVOID SURFACE CONTAMINATION OF A PRINTED CIRCUIT OR SWITCH, CLEAN WITH A WEAK 
SOLUTION OF WARM WATER AND MILD DETERGENT AFTER REPAIR. RINSE THOROUGHLY 
WITH CLEAN WATER AND ALLOW IT TO DRY COMPLETELY BEFORE OPERATING. DO NOT 
APPLY ANY COMMERCIAL MOISTURE SEALING SPRAY TO THE BOARDS, APPLICATION OF 
THESE AGENTS MAY CAUSE LEAKAGE PATHS. 


SEE WUM AND 
NOISE CHECK 


BOTTOM VIEW 


Figure 5-14. Location of Internal Adjustments 


t 
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ied by the 5-42. TURN-ON. d. Connect an oscilloscope to the power supply 
meeting its positive output (Al Pin 12) and short out the 
all internal 5-43, Connect the 654A to a variable power line supply tuner capacitor (C1) by clipping a lead from the 

(set for 115V or 230V as appropriate). solder lug (green/white lead) on the tuner frame to 


the chassis. The oscilloscope ripple indication 


5.44. Zero set the meter (Paragraph 3-7), turn the should be less than |SmV peak-to-peak. 


ove the two instrument on (Paragraph 3-8), and allow 30 minutes 
to the rear warm-up time. E CAUTION} 


‘ve the two 
vers, reverse DO NOT MOVE THE TWO WIRES BE- 
5-45. POWER SUPPLY VOLTAGE ADJUSTMENTS. TWEEN TUNER AND RANGE SWITCH: 
THEIR POSITION WILL AFFECT 
a. Connect a dc voltmeter to the power supply FREQ. CAL. 


positive output (Al Pin 12). 


e. Connect the oscilloscope to the power supply 
b. Adjust AIR40 (+3! V ADJUST) for a de negative output (Al Pin 13); the ripple indication 
voltmeter indication of +31 V +/-0.2V. should be less than I15mV peak-to-peak. 


c. Connect the dc voltmeter to the negative power 
supply output (Al Pin 13). 


d. Adjust AIR41 (- 26 V Adjust) for a de voltmeter 5-47. FREQUENCY CALIBRATION PROCEUURES. 


indication of - 26 V +/-0.2 V. 


5-46. POWER SUPPLY REGULATION AND RIPPLE DO NOT MOVE THE TWO WIRES BE- 
CHECK. TWEEN TUNER AND RANGE SWITCH 


f. Disconnect the clip lead from the tuner. 


AFTER CALIBRATION IS STARTED; 
a. Connect the dc voltmeter to the power supply THEIR POSITION WILL AFFECT 
negative output (Af Pin 13); switch the FREQ. CAL. 


FREQUENCY RANGE switch to X100 and note 
the voltmeter indication. 
5-48. The frequency calibration set-up is shown in Figure 


b. Vary the power line voltage from 103.5V to 5-14 (do not make the set-up at this time); the frequency 
126.5V (207V to 253V for a 230V power line); should be continuously monitored at the rear panel 
the dc voltmeter indication should remain within COUNTER OUTPUT. Table 5-2 lists the accuracy required 
+/-0.5V of the reading noted in step a. at each check frequency; adjustments for each range are 

listed in Table 54. Components located on the FRE- 

c, Adjust the line voltage to 103.5V (207V for a QUENCY RANGE switch (S2) are identified on the switch 
230V power line) and disconnect the dc voltmeter. drawing of Figure 7-2. 


Table 5-4. Frequency Adjustments 


Increasing value of these components decreases frequency and changes A2TP2 voltage as shown. Adjust 
variable capacitors clockwise to increase capacitance, counter-clockwise to decrease capacitance. 


FREQUENCY Dia! = 10 
Increases Decreases 
A2TP2 Voltage A2TP2 Voltage 


FREQUENCY Dial = 1 
Increases Decreases 
A2TP2 Voltage A2TP2 Voltage 


FREQUENCY 
RANGE 


S2R10* --- 
--- S2CL7* 


$2C2, S2C3* 


S2C8, S2C9*, 
S2C13*, S2C16* 
S$201*; S2€18* +: 
“+ $2C10, S2C11* S2C4, S2C5* 
S2R16* A2C1, S2C12, S2C6, S2C7* 


S2C15* 
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$-49.During calibration, the instrument bottom cover is 
removed; the top cover is removed to make adjustments 
and replaced while making frequency measurements (not 
necessary to replace retaining screws), all internal shields 
must be in place and held firmly by retaining screws. If 
desired Figure 5-17 gives a scaled drawing of top and 
bottom alignment access covers with cut-outs that will 
allow adjustments while the covers are in place. The 
dimensions ure given in inches. 


5-50. FEEDBACK LEVEL ADJUSTMENT. 
a. Connect the equipment shown in Figure 5-15. 


b. Set the 654A controls as follows: 


FREQUENCY dial.......... extreme clockwise 

FREQUENCY RANGE ...........5.-55. X1K 

OUTPUT LEVEL dBm ................ +10,0 

AMPLITUDE........ extreme counter-clockwise 

IMPEDANCE «<5 cmsgams os dame ce ae 50 UNBAL 
NOTE 

Adjust A2C1l, S2C2, and S2C8, if 


necessary, to start oscillations. 


c. Adjust A2R3 (Feedback Level Adj.) for an 
indication on the dc voltmeter of -350mV, 
+/-10mvV. 


d. For oscillator troubleshooting, refer to Paragraph 
5-81. 


-51. DISTORTION ADJUSTMENT. 


a. Connect the 654A to the distortion analyzer as 
shown in Figure 5-10. Set the 654A controls for a 
frequency of | X 100. 


b. Adjust A2R4 (Distortion Adj.) for minimum 
distortion, which should be at least 46dB. If the 
tolerance cannot be met, change the value of 
A2R9* 


Model 654A 


c, Check distortion at other dial and range settings. 


NOTE 


You can adjust AIR4 at other frequency 
to get them into specification providing 
that you still are in specification at | X 
100. 


d. Disconnect the distortion analyzer. 


5-52. Frequency Dial and 1 K Range Adjustment. 


a, Preliminary mechanical adjustments (perform only 
if necessary). 


1) To prevent gear backlash problems during 
alignment, make sure that there is no move- 
ment between MPI and MP2. See Figure 6-1. 
(They must be pressed tightly together.) Also 
MP3, 4, and MPS spring gear assembly must be 
under tension. 


2) Check to make sure that the stop MP6 prevents 
the tuning capacitor from being completely 
closed. MP6 should hold the capacitor at least 
1/16 inch open, Adjust if necessary. 


3) With the dial set to maximum clockwise posi- 
tion, slip the dial face such that the first mark 
left of I is 1/16 inch to the right of the fixed 
indicator. To slip dial, remove Frequency dial 
knob and loosen 4 dial! retaining screws. After 
slipping dial, retighten the screws. 


b. Connect equipment as shown in Figure 5-15 and 
set the 654A controls as in Paragraph 5-50b. 
Record output frequency. 


c. Record frequency at dial settings 1, 2, 5, 8 and 10. 
If some readings are high and some are low, 
proceed to step e. If all readings are high or all 


TEST OSCILLATOR 
hp654a 


ELECTRONIC COUNTER 
a 52451 


Figure 5-15, Frequency Calibration Test Setup 
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readings are low, proceed to step d. If all the 
readings are within tolerances, proceed to step f. 


d, Check readings at I, 5 and 10 on the dial. If 
readings are close to proper value, proceed to step 
e. If they are not, perform the following: 


1) Place dial to clockwise position. 


2) Remove the frequency dial knob and loosen the 
four dial retaining screws. 


3) Slip the dial to read 1 with a counter indication 
of | kHz (Frequency Range | K). 


4) Tighten the retaining screws and replace the 
knob. 


e. Set the FREQUENCY dial to 10. Adjust S2C2 and 
S$2C8 alternately until the counter indicates a 
frequency of 10 kHz and A2TP2 voltage is - 370 
+ 10 mV. Then recheck at | on the dial. Work 
back and forth between | and 10 on the dial until 
bothare near or within the allowed limits. Recheck 
Step c. 


1) If S2C2 does not have sufficient range, change 
the value of S2C3* (refer to Table 5-5). IF S2C8 
does not have sufficient range, change S2C9*. 


2) lf A2TP2 should not remain -370mV 
+ 20 mV over the entire dial range, change 
value of S2C16* or S2C13* to bring frequency 
and A2TP2 voltage within limits. 


f. Check all frequencies on the X1K range according 
to Table 5-2. The voltage at | and 10 on the dial 
should read the same + IO mV. If voltage is not 
within linits, proceed to step e(2). 


NOTE 


Steps d, e and f interact with each other. 


5-53. X100, XIK and XIOK RANGE TRACKING. 


a, Connect the equipment as shown in Figure 5-15. 
Set the 654A controls as in Paragraph 5-SOb. 


b. Check frequency tracking of the FREQUENCY 
dial using the settings and tolerances given in Table 
5-2 for the X100, XIK and XIOK ranges. Also 
monitor A2TP2 voltage which should remain 
within -0,3 to -0.4 V over the entiry range. If 
necessary, pad S2C17* for X100 RANGE and 
S2C1* and S2C18* for X10K RANGE for correct 
frequency and A2TP2 voltage when the dial is set 
to 10. 
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5-54. X10 RANGE ADJUSTMENTS. 


a. 


Connect the equipment as shown in Figure 5-15. 


b. Set the 654A FREQUENCY RANGE switch to 


X10 and FREQUENCY dial to |, other controls as 
in Paragraph 5-50b. The counter (set to read 
period average) should indicate 100 + 3 msec (10 
+ 0.3Hz) and A2TP2 voltage should be -370 
+ 40 mV; if either frequency or A2TP2 voltage is 
not within tolerauce, change the value of S2R2* 
and S2R10* simultaneously (see Table 54) until 
the tolerances are met. 


Check frequency tracking using the settings and 
tolerances given in Table 5-2 for the XIO range. 
Monitor A2TP2 voltage which should remain at 
-370 + 40 mV over the entire range. If necessary, 
to make dial track, repeat step b but set the 
frequency towards the upper or lower tolerance. 


5-55. XIM RANGE ADJUSTMENTS. 


a. 


b. 


Connect the equipment as shown in Figure 5-15. 


Set the 654A FREQUENCY RANGE switch to 
XIM and the FREQUENCY dial to 10, other 
controls as in Paragraph 5-50b. 


NOTE 
Adjust A2CI, S2C6 and S2C12, if 
necessary, to start oscillation. 


. Adjust S2C6 and S2CJ2 (see Table 5-4) for a 


counter indication between 10.1 and 10.2 MHz (1 
to 2% high) and A2TP2 voltage between - 0.38 V 
and-0.40V. 


. Set the FREQUENCY dial to 5; counter should 


indicate 5,000 +/-65kHz. If not, perform the 
following. 


1) Note whether the counter indication is higher 
or lower than 5 OOOkHz. 


2) Set the FREQUENCY dial to 10; if the 
frequency of step 1) was high, adjust A2CI to 
increase the counter indication slightly, if the 
frequency of step |) was low, adjust A2CI to 
slightly lower the counter indication. 


NOTE 
While making this adjustment to A2C1, 
the oscillator may stop oscillating: 
however, the adjustment to be made in 
step 3) will start oscillations again. 


3) Readjust S2C6 and S2C12 as in step 5-5Sc. 
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4) Repeat step 5-55d as often as necessary until 
tolerances are met at both 5 and 10 settings of 
the FREQUENCY dial. If S2C6 does not have 
sufficient range, change the value of S2C7* in 
accordance with Table 5-4;similarly, for S2C12 
change S2C15*. 


e. Set the 654A FREQUENCY dial to 1; the counter 
should indicate [000 + 20 kHz and A2TP2 voltage 
should be between - 0.3 V to - 0.4 V; if frequency 
or A2TP2 voltage is not within tolerance, pad 
range resistors S2R8* and S2R16* simultaneously 
in accordance with Table 5-4. 


NOTE 
{t may be necessary to set the frequency 
high at 10 on dial in order for the dial to 
track. 


f. Set the dial to 10 and repeat steps c and d if 
necessary. 


g. Check frequency tracking of the dial at the 
settings given in Table 5-2 for the XIM range; if 
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. Set the 654A controls as follows: 


AMPLITUDE........ extreme iain 

OUTPUT LEVELdBM <6 issnsaraeaee extreme 
clock wise 

IMPEDANCE............-...-05- 50 UNBAL 


. Check the 654A output waveform for spurious 


oscillations or visible distortion: check all 
frequencies by sweeping the FREQUENCY dial 
across the whole range at each FREQUENCY 
RANGE setting. If distortion or spurious 
oscillations occur, eliminate by changing the value 
of A2C8*. 


NOTE 
If A2C8* is changed it may be necessary 
to recalibrate the XIM and X100K 
ranges. 


any of these are not within tolerance, repeat steps 5-58. METER TRACKING AND AMPLITUDE CONTROL 
c through g of this paragraph. A2TP2 voltage ADJUSTMENTS. 

should be within -0.25 to -0.42 volts over the 

entire range. 5-59. METER RANGE ADJUSTMENT. 


5-56. X100K RANGE ADJUSTMENTS. a. Set the 654A controls as follows: 


a. Connect the equipment as shown in Figure 5-15. 
Set the 654A controls as in Paragraph 5-SOb 
except set FREQUENCY RANGE to X100K and 
FREQUENCY dial to 1. 


b. Note the A2TP2 voltage which should be between 
-0.3 V to - 0.4 V;:set the FREQUENCY dial to 10 
and adjust S2C4 and S2C10 for a counter indica- 
tion of 1 MHz + 20 kHz and an A2TP2 voltage as 
noted above. If S2C4 docs not have sufficient 
range, change the value of S2C5* in accordance 
with Table 5-4; similarly, for S2C10, change the 
value of S2C11 *, 


c. Check the FREQUENCY dial tracking using the 
settings and tolerances given in Table 5-2 for the 
X100K range. If not in tolerance, repeat step b but 
set the frequency (with dial at 10) towards the 
lower or upper limit of the tolerance given in 
Table 5-2 so that the dial will track as required. 


5-57. OUTPUT WAVEFORM CHECK. 


a. Connect the 654A 50 ohm output to the 
oscilloscope; terminate the cable from the 654A 
with a 50 ohm feedthru. 


FREQUENCY ‘dial sasae cscs ae ae 5s omereo ese 
FREQUENCY RANGE ................. 
OUTPUT LEVELABM: 3.6 sinc ae axe meus 
IMPEDANCE. « siwswemsas cares 42045 


. Adjust A3RI8 (Meter Cal) to its extreme 


clockwise position. 


. Adjust A3R7 (Meter Offset Cal) so that the 


AMPLITUDE control has sufficient range to 
exceed the maximum meter deflection at both 
ends of the meter scale. 


. Adjust the 654A AMPLITUDE control for a meter 


indication of -]dBm. 


. Connect the equipment shown in Figure 5-16 and 


set the external attenuator for OdB attenuation. 


. Adjust the reference supply for null indication on 


the de null voltmeter (which should be set to 
either the 30uV or 100uV range). 


. Set the external attenuator to -2dB position and 


adjust the 654A AMPLITUDE control to return 
the de null voltmeter indication to null. 


. Adjust A3R18 (Meter Cal) until the 654A meter 
indicates +1dBm. 
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Figure 5-16. Meter Tracking Adjustment 


wy i. Check the 654A meter tracking as follows: 


1) Set the external attenuator to -1dB position 
and adjust the 654A AMPLITUDE control for 
null indication on the de null voltmeter; the 
654A meter should indicate 0 +/-0.05dBm. 

CONTROL 

2) Set the external attenuator to OdB position 
and adjust the 654A AMPLITUDE control for 
null indication on the dc null voltmeter; the 
654A meter should indicate - | + 0.01 dBm. 


@ 3) If the tolerances in steps |) and 2) are not met 
’ then readjust A3R7 (Meter Offset Cal) as in 


iets XIK step c and repeat steps d through i of this 
veawt lO paragraph. 
50 UNBAL 
j. The meter tracking adjustment is completed by 
‘$ extreme performing Paragraph 5-60. 
k. For troubleshooting information refer to Para- 
> that the graph 5-94. 
range to 
on at both 
5-60. AMPLITUDE CONTROL AND METER 
CALIBRATION. 
for a meter 
NOTE 
Perform adjustments of Paragraph 5-59 
re 5-16 and © before making the following adjustments. 
nuation. : 
| 
eee f a. Connect the equipment shown in Figure 5-1 using 
) the 50 ohm termination. 
osition ac b. Set the 654A controls as follows: 
i to ee FREQUENCY dial co... .0s0rncneen vs cneus 
FREQUENCY RANCE ................. XIK 
S44 meter OUTPUT LEVEL dBm ................ + 10.0 
IMPEDANCE.................... 50 UNBAL 


c. Adjust the 654A AMPLITUDE control for an 
indication on the ac differential voltmeter of 
-7071V rms (+10dBm); adjust A3R7 (Meter Offset 
Cal) for a 654A meter indication of OdBm. 


d. Set the 654A AMPLITUDE control to the extreme 
clockwise position and adjust A3R20 (Amplitude 
Cal) for an ac differential voltmeter indication of 
0.80V rms (approximately +11 .05dBm). 


e. For troubleshooting information refer to Para- 
graph 5-95. 


5-61. AMPLITUDE ACCURACY CALIBRATION. 


a. Perform the Amplitude Accuracy checks of 
Paragraphs 5-9 through 5-14 but do not make any 
adjustments except as outlined below. If the +/-1% 
limits are met for all impedances do not perform 
the remaining steps of this Paragraph. 


b. If the +/-1% limits are not met for any impedance: 


1) Verify that the impedance networks on the 
Impedance Selector board (A4) have the 
correct impedance and if necessary replace any 
faulty resistors. The impedance can be checked 
by measuring the open circuit voltage (for each 
impedance) which should be twice the 
terminated voltage; alternatively set the 
attenuator to -80dB position and measure the 
Output impedance with an ohmmeter. 


2) Perform procedure of Paragraph 5-60 except, in 
step c (of 5-60) adjust the 654A AMPLITUDE 
control for an ac differential voltmeter 
indication slightly higher or lower than 0.707V 
rms (see example below) so as to correct any 
error noted in step a of this Paragraph (5-61): 
the offset from 0.707V rms should be as small 
as possible, but in any case, must remain within 
the limits of 0.700 to 0.714V rms. 
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EXAMPLE: Suppose that, in step a of this 
paragraph, the amplitude is found to be 
too high for one of the impedances; then 
set the 654A AMPLITUDE control for an 
ac voltmeter indication below 0.707V 
rms, and vice versa. 


c. Repeat the steps of this paragraph as necessary to 
ensure that the level is correct for all impedances. 


5-62. BALANCE ADJUSTMENTS. 


135 BAL. 


a. Perform steps a and b of the Balance Check of 
Paragraph 5-30. 


b. Set the 654A frequency to LOMHz and adjust 
A2C32 (High Freq. Balance) for optimum balance 
(lowest indication on the ac voltmeter.) 


c. Set the 654A frequency to 5MHz, the ac voltmeter 
indication should be below 11.6mV rms indicating 
a balance of greater than 40dB. If it is not then 
select a value for A2C21* or A2C36* (but not 
both) to give the required balance at SMHz. 
(Typically, balance of at Icast 46dB, 5.8mV rms, 
can be achieved). 


NOTE 
There is no way of predetermining which 
side of the balanced amplifier is 
unbalanced or what value of capacitance 
is required: A2C21* or A2C36* must be 
selected by trial and error. Select the 
lowest value of capacitance possible. 


d. Perform steps c and d of Paragraph 5-30 (135 BAL 
CHECK) to ensure that limits are met at all 
frequencies of the 654A. 


5-64. 150 AND 600 BAL CHECK. 


a. Perform the checks of Paragraphs 5-31 through 
5-34 to ensure that balance is within specifications 
for the 150 ohm and 600 ohm impedances. 


b. If it is not, repeat the procedure of Paragraph 5-63 
but slightly degrade the balance for the 135 ohm 
impedance (be careful to remain within the 
requirements of 40dB from 1MHz to SMHz and 
50dB from 10Hz to 1MHz) then repeat step a of 
this paragraph (5-64) until balance specifications 
are met for all three impedances. 
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NOTE 
This situation is not likely to arise; 
however, if it does, then it is q 
recominended that careful notes be made 


during the procedure as there is no way, 
other than by trial and error, of 
determining if the 135 ohm balance is 
being degraded in a direction which will 
improve the balance for the other 
impedances, or if it is being degraded in a 
direction which will worsen the balance 
for the other impedances. 


5-65. LEVEL FLATNESS ADJUSTMENTS. 


5-66. 75 UNBAL FLATNESS. 


a. Perform steps a through e of Paragraph 5-16 (50 
UNBAL FLATNESS CHECK) with the following 
exceptions: 
instep a. Set IMPEDANCE to 75 UNBAL: 
in step b. Use the 75 ohm thermal converter (see 

Table 5-3). 


b. Set the 654A frequency to 1OMHz and adjust 
A2C43 (Frequency Response) for null indication, 
+/-AE (calculated in step a of Paragraph 5-16) on 
the de null voltmeter. 


. Swecp the 654A frequency slowly down to 1MHz; 
the null voltmeter indication should remain within 
+/-AE of null over the whole frequency range. 


io} 


NOTE 
It may be necessary to slightly offset the 
adjustment of A2C43 at 1OMHz so that 
the flatness is within tolerance across the 
XIM range. 


d. Set the 654A frequency to 10Hz; if the de null 
voltmeter indication is not within +/-AE of null 
change the value of A2C40*. (Increase the value of 
A2C40* if the 654A level is too low at 10Hz, and 
vice-versa.) 

e. Sweep the 654A FREQUENCY dial slowly from 1 
to 10 for all settings of the FREQUENCY RANGE 
switch to ensure that the 75 ohm output is flat 
over the entire frequency range of the instrument. 


5-67. 50 UNBAL FLATNESS. 


NOTE 
The adjustments of Paragraph 5-66 
should be completed before making these 
adjustments. 


a. Perform steps a through e of Paragraph 5-16. 


b. Set the 654A frequency to 10MHz; the dc null 
voltmeter indication should be within +/-AE of 


e} 
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null. If it is not change the value of A4C1* to 
bring the 654A level within tolerance (decrease 
A4C1* to increase the output level and vice-versa). 


c. Sweep the 654A frequency slowly down to 1MHz 
and observe the de null voltmeter indication which 
should remain within +/-AE of null. If it does not 
repeat step b of this paragraph but select a value 
for A4C1* which allows the flatness to be met 
across the IMHz to 1OMHz frequency range. 


d. Check the 654A flatness over the |OHz to |MHz 
ranges as before. 


5-68. 135, 150 and 600 BAL FLATNESS. 


5-69. Check the flatness for the balanced impedances by 
performing Paragraphs 5-18, 5-19 and 5-20. There are no 
adjustments to be made for these ranges. 


5-70. TROUBLESHOOTING THE 654A. 


5-71. This section contains information and procedures 
designed to aid in the process of isolating malfunctions. 
Troubleshooting should be undertaken only after it has 
been determined that the malfunction cannot be corrected 
by performing the adjustment and calibration procedures. 


5-72. When a malfunction occurs first ensure that the 
trouble is not caused by conditions external to the 
instrument; then make the front pane] checks described in 
Paragraph 5-74 before proceeding to the Troubleshooting 
Tree. 


5-73. The Troubleshooting Tree (Figure 5-18) illustrates a 
systematic method of locating a faulty circuit. Additional 
checks (including visual) and measurements will be required 
to isolate the faulty component. 


5-74. FRONT PANEL CHECKS. 


a. Check that the LINE ON lamp is lit: if it is not, 
check the setting of the 115/230V slide switch, 
check the fuse (Fl) and if necessary check the 
primary circuit of the power transformer (T] on 
schematic No. 4, Figure 7-5). 


b. In this procedure the 654A will be swept across its 
frequency range while the following points are 
monitored: 

A. the COUNTER OUTPUT 

B. the 654A meter indication 

C. the front panel output connectors. 
By applying the observation made to Table 5-5 it 
should be possible to localize any problems to a 
particular area in the instrument (refer also to the 
Block Diagram, Figure 7-1). 
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1) Set the 654A controls as follows: 


AMPLITUDE sssxe.ac areas fully clockwise 
OUTPUT LEVEL dBm.............. +10,0 
IMPEDANCE! «0. e05 ee neseaage 50 UNBAL 
2) Connect an oscilloscope or ac voltmeter, 


through a 50 ohm feedthrough termination, to 
the 654A rear panel COUNTER OUTPUT. 


3) Connect an oscilloscope or ac voltmeter, 
through a 50 ohm feedthrough termination, to 
the front panel UNBAL output connection. 


4) Sweep the 654A FREQUENCY dial slowly 
from 1 to 10 (for all positions of the 
FREQUENCY RANGE switch) while observing 
the three monitoring points A, Band C. 


5) Select from the left hand column of Table 5-5 
the ABC combination which corresponds with 
the observations made in step 4). The center 
column of Table 5-5 gives the most likely 
trouble area for each combination and the right 
hand column indicates the next step to make in 
troubleshooting. 


5-75. TROUBLESHOOTING TREE. 


5-76. To use the tree start at (1), read step(1)of Paragraph 
5-77 and make the required check: the next step then 
depends upon whether the first check was a PASS or FAIL. 
Several of the FAIL branches split into sub-branches, take 
the sub-branch which best fits the observations made. At 
each step of the tree it is important to read the appropriate 
step of Paragraph 5-77 as the tree itself does not give 
sufficiently detailed information, in most cases, for the 
check to be made. Refer also to the Block Diagram and 
Schematics of Section VII when using the troubleshooting 
tree. If you complete the tree and still have failed to 
localize the problem area then refer to Paragraph 5-78 for 
additional information. 


5-77. This paragraph provides information for each step of 
the troubleshooting tree. 


NOTE 
Make the Front panel checks, described 
in Paragraph 5-74, if you have not already 
done so. 


Check with an oscilloscope at A2 Pin 4: there 
should be a sine wave of between 5.5V and 7V 
p-p. Sweep the FREQUENCY dial from 1 to 10 
for all positions of the range switch. If the signal 
appears, even momentarily, then the problem is 
probably frequency calibration. 
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Check the de voltage at the output of the Buffer 
Amplifier (junction of A2CR24 and A2R44), this 
should be 0 +/-.1V de. 


Check the de power supply voltages on the A2 
board: 

+31 +/-5V de at A2 Pin |, 

-26 +/-.5V deat A2 Pin 2. 


Check the ac voltage at the output of the Buffer 
Amplifier Gunction of A2CR24 and A2R44) with 
an oscilloscope, this should be a sine wave of 3V 
+/-1V_ peak-to-peak, Notice that for the FAIL 
situation there are three possible branches (NO 
SIGNAL, LESS SIGNAL, GREATER SIGNAL). 
Take the appropriate branch to the next check 
point. 


NOTE 

If the output from the Buffer 
Amplifier is not correct then the 
problem is probably in the ALC 
loop; following the tree should 
be the fastest way of localizing 
the problem, If after completing 
the tree you still have not local- 
ized the problem, then refer to 
Paragraph 5-79 which gives a 
method for opening the ALC 
loop. 


A procedure for checking the oscillator circuit is 
given in Paragraph 5-81. 


FAIL if either (or both) supply is not present. 


Check the de voltage on the lamp (A2DSV1) at A2 
Pin 5. With a larger than normal signal level in the 
Buffer Amiplifier the voltage at A2 Pin 5 should be 
low, from 0 to +5V de. 


Check the de voltage on the lamp (A2DSV1) at A2 
Pin 5, normally this is +4 to +6V dc. If the voltage 
is less, then the lamp voltage is trying to increase 
the Buffer Amplifier signal level and the problem 
is in the Buffer Amplifier. If the voltage is greater, 
the lamp is causing the low signal in the Buffer 
Amplifier. The lamp is probably open if the 
voltage is higher than +15V dc. 


NOTE 
Momentary shorting of the +31 
+3] V or - 26 V power supply 
may. cause a Locked Current 
Limit condition if the power 
supplies are still loaded by the 
654A circuitry. In the Locked 
Current Limit condition the de 
output drops to less than 2 V 
and does not return to normal 
when the short is removed. 
This does not damage the power 
supplies.. Proper power supply 
voltage can be restored by 


switching the instrument off and 
then on again. 


® 


© © @©© © 
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If the positive power supply cannot be adjusted to 
+31 V, proceed as follows: 


a. Verily that the positive power supply ts 
not in a current limit condition by dis- 
connecting the power supply load Al Pin 
12 (+)and Al Pin 13 (-). 

NOTE 

Turn AC power off while dis- 

connecting the power supplics. 

A3 circuitry may be damaged if 

only one power supply is con- 

nected to it, 

b. If the +31 V power supply is restored by 
disconnecting the load circuitry, trouble- 
shoot the load circuitry (Oscillator, 
Buffer Amplifier, Balanced Amplifier, 
Average Detector, Amplitude Control 
Integrator, and Meter Amplifier). 


c. If the +31 V power supply is not restored 
by disconnecting the load circuitry, 
troubleshoot the positive supply. Refer to 
schematic 4. 


If the negative power supply cannot be adjusted to 
- 26 V. use the procedure given in step 10 to 
isolate the problem area. 


Cheek Tl and the line filter components; also 
check AlCrl thru ATCR4, AlCI4 and ALCIS. 


Check the dc voltages at the Balanced Amplifier 
output which should be 0 +/-.1V de at the top of 
A2R74 and the bottom of A2R75 (‘top’ and 
‘bottom’ are as viewed on Schematic No. 2). 


Check for open lamp or resistor in the 


photo-resistor A2ZDSV1. 


Troubleshoot the Amplitude Control Integrator 
(A3Q6 through A3Q9) including the Amplitude 
Current Reference and the lamp of the 
photo-resistor (A2DSV1). 


Troubleshoot the Buffer Amplifier (A2Q8 thru 
A2Q10) also include the resistor of the 
photo-resistor, A2DSV 1. 


Check the ac signal level at the Balanced Amplifier 
output with an oscilloscope. The signal should bea 
sine-wave of 4+/- .5V peak-to-peak at the top of 
A2R74 and at the bottom of A2R75, the two 
signals should be 180% out of phase with each 
other. Note that in the FAIL condition there are 
two possible paths. 


Check the ac signal with an oscilloscope between 
the attenuators (S4) and C9 and C10, the signal at 
both points should be 3 +/- 1V peak-to-peak. If 
signal is not present, check C9, C10, A2R76 and 
A2R77. 


( 


— 
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Table 5-5. Front Panel Troubleshooting (See Paragraph 5-74) 


ACTION REQUIRED 


Go to(1)on troubleshooting tree. 


1) Troubleshoot 
2) Go to(is)on troubleshooting tree. 


1) Troubleshoot 
2) Check all positions of 
attenuators and impedance switch. 


Troubleshoot. 


Go toQ@)on troubleshooting tree. 


Go to(ig)on troubleshooting tree. 


step 10 to Attenuators (S4) and/or Impedance Check all positions of attenuator 
Switch (A4) and impedance switch. 
ments; also 
nd AICIS. OnIEr 
TROUBLES 
1 Amplifier 
the top of Incorrect . ALC Loop - consisting of Buffer and Go to(@2on troubleshooting tree. 
(‘top’ and flatness or Balanced Amplifiers, Average 
». 2). level Detector and ALC circuits 
or in the No output only Oscillator calibration Calibrate 
at certain 
frequencies 
Integrator 
Amplitude Incorrect Oscillator calibration Calibrate 
p of the frequency 
A208 thru tCOUNTER OUTPUT A =0.1V rms into 50 ohms, A = intermittent or no signal 
a 654A meter indication B = +1!dBm or greater; B= less than +1dBm 
1 Amplifier Front panel output Cc ala 0.8V rms C = intermittent or no signal 
| connectors into 50 ohms: 
should bea | 
the top of 
5, the two Check the input signal to the Impedance networks step (12) the de voltages were incorrect and were 
with each A4 Pin 1 and A4 Pin 2, this should be 3 +/- 1V equal and opposite then the problem is probably 
n there are peak-to-peak when the attenuators are set at in the differential amplifiers A2Q11 through 
+10dBm. If the signal is not present, try all A2Q16. If the de voltages are incorrect but of the 
positions of the attenuators and the impedance same polarity then the problem is probably in the 
switch, feedback amplifier A2Q22, A2Q23 and A2Q17. 
is ell Check the de voltage at the collector of A2Q25 (a) If the output signal is not present on A4 Pin 3 and 
rib If which should be from +6 to +8 volts. (in the BAL modes of the IMPEDANCE switch) 
‘ORT atl A4 Pin 4 then check the resistive networks on the 


® 


Troubleshoot the Balanced Amplifier, A2QI1 
through A2Q23 and associated components. [f in 


A4 board. [f it is present, check the cables to the 
output connectors J3 and J4. 
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(22) Ensure that the problem is not in the cables before 
attempting to troubleshoot the attenuators. 


(23) Check with an oscilloscope, the ac signal from the 

detector amplifier at the collector of A2Q25. This 
should be a flattened sine-wave {see schematic 2) 
of about .8V peak-to-peak. Note that there are 
two possible paths for the FAIL mode. 


Check the dc voltages at the outputs of the 
detector (A2 Pin 6 and A2 Pin 7), these should be 
0 +/-.05V de. 


Troubleshoot the Meter Differential Amplifier 
(A3Q2 through A3Q5), the Meter (M1) and the 
Meter Offset Current Reference. 


Check the detector diodes (A2CR2I, A2CR22) 
and capacitors A2C40*, A2C41 and A2C44. 


@) Check the Detector Amplifier A2Q24, A2Q25 and 
associated components. 


5-78. TROUBLESHOOTING THE POWER SUPPLY. 
NOTE 


To protect the output capacitors C9 and 
C10 (rated 3 V), pull connectors off of 
pins 15 and 16 of the A2 board. Ensure 
that the de voltages on pins 15 and 16 are 
near zero (<SOOmV) before recon- 
necting the wires to C9 and CIO. Avail- 
able test points for for power supply 
voltage: 


+31 Vat Al pin 12, A2 pin 1, A3 pin 5; 
-26 V at Al pin 13, A2 pin 2, A3 pin 4 


TURN OFF POWER BEFORE CON- 
NECTING OR DISCONNECTING 
POWER SUPPLY LEADS. 


5-79, Disconnect the power supply from the A2 and A3 
boards. The pins are given in the preceding note. If the 
power supply voltages are still incorrect and cannot be 
adjusted, troubleshoot the power supply. 


a. After the power supply has proper voltages, turn 
off power and reconnect the power supply leads to 
A3, one at a time while monitoring the - 26 V. If 
the negative voltage loads down, then troubleshoot 
that specific board. 


b. Last, connect the power supply to the A2 board 
while monitoring the - 26 V. If - 26 V loads down, 
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turn off the power and lift one end of A2R20 and 
A2R25, If the - 26 V supply is satisfactory, trou. 
bleshoot the Oscillator. If the negative voltage i 
still loaded, troubleshoot the Buffer Amplifier! 
Balance Amplifier and Average Detector. 


5-80. PROCEDURE. 


a. Lift one side of A2R33 to isolate the Wien Bridge 


Oscillator from the circuit. 


. Lift the side of A2R38 which is connected to 


A2DSV1. 


. Connect the signal generator with a large (at least 


LO microfarad) non-polar capacitor in series to 
A2R38. The capacitor blocks any de present on 
the signal generator output. 


NOTE 
If a large non-polar capacitor is not 
available, use two polarized capacitors in 
series, with their + ends connected 
together. 


. Set the signal generator frequency to IkHz and the 


output level to about .25V rms (monitor with an 
ac voltmeter). 


voltages should correspond with those shown or 
the schematics. 


. Signal trace the ALC loop. Signal levels, “4 


5-81. TROUBLESHOOTING THE OSCILLATOR: 
CIRCUIT. 


NOTE 
This procedure assumes that the front 
panel checks (Table 5-6) have been made 
and that the Troubleshooting Tree has 
been followed (together with the 
information in Paragraph 5-77) to branch 


. If the signal at the junction of A2R22 and A2R23 


is twice the normal amplitude then the Peak 
Detector is not operating. In particular check 
A2Q7 and A2C] 1. 


. If A2C12 is close to the A2Q1| FET the oscillator 


could break into spurious oscillations above 
100 kHz. 


. If there is no signal at A2 Pin 4 isolate the Peak 


Detector by lifting one side of A2CI1 and the 
emitter of A2Q7. If the oscillator comes on, check 
the Peak Detector components. If there is 0 
apparent fault in the Peak Detector it is possible 
that A2R3 may be out of adjustment. To check 
this reconnect the peak detector, and perform the 
adjustment outlined in Paragraph 5-50. 
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d. If the oscillator still cannot be made to operate 
perform the procedure of the following 
paragraphs. 


5.82. In the following procedure the oscillator circuit is 
driven by an external signal generator and the Wien Bridge 
is disabled. This allows the circuit to be checked out using 
the normal troubleshooting techniques for an amplifier. 


5.83. The recommended signal generator is a 652A or 
651B (which has 50 ohms output impedance and a 
frequency range of 10Hz to 1OMHz). If this is not available 
any oscillator with low output impedance and capable of 
driving up to 3V rms open circuit will suffice. In most cases 
it will not be essential to use the generator at frequencies 
over 1 kHz. 


a. Turn off the power to the 654A. 


b. Disconnect the Buffer Amplifier and Counter 
Emitter-Follower by lifting the negative side of 
A2C12. 


c. Disconnect the Peak Detector by lifting one side 
of A2C1!1 and the emitter lead of A2Q7. 


d. Disable the RC tuning network of the Wien Bridge 
by disconnecting A2 Pins 8, 10 and 11. 


e. Connect the signal generator through a large 
capacitor (as described in Paragraph 5-80c and the 
note) to A2 Pin 10. Connect the ground side of 
the generator to A2 Pin 8. 


f. Turn the 654A power on. Set the signal generator 
frequency to IkHz and the output to 
approximately 1V rms (monitor with an ac 
voltmeter on A2 Pin 10). Monitor the output 
signal with an oscilloscope on A2C] 2. 


1)The amplifier has a voltage gain of 
approximately 2, therefore the output should 
be a sine wave of between 5 and 6V 
peak-to-peak. 


2) If the signal does not appear at the output then 
troubleshoot the amplifier (A2QI through 
A2Q6 and associated circuitry) using normal 
troubleshooting techniques for an amplifier. 
A2Q5 and A2Q6 should be replaced as a pair if 
either has to be replaced. 


3) When the amplifier is operating correctly check 
the frequency response, which should remain 
essentially flat between !OHz and 10MHz, by 
sweeping the signal generator over that range 
while maintaining a constant input voltage on 
the green lead. 


4) Reconnect A2CI1 and A2Q7 to ensure that the 
Peak Detector does not disable the amplifier (if 
it does troubleshoot the Peak Detector). If the 
Signal is still present at A2 Pin 5 then the 


Section V 


probable cause of trouble in the oscillator 
circuit is the FREQUENCY RANGE switch or 
associated components. 


5-84. TROUBLESHOOTING THE BUFFER AMPLIFIER. 
NOTE 


AC output will be erroneous if the 
control voltage to DSVI1 is the wrong 
value. This should be approximately 5 to 
7V de. 


5-85. The ac gain of the Buffer Amplifier should be 0.6 or 
less than 1. The dc voltage at A2R44 should be OV 
+ 150 mV and the ac voltage should be between 3 and 4 V 


Pp. 


5-86. TROUBLESHOOTING THE BALANCED AMPLI- 
FIER. 


5-87, The balanced amplifier should have an ac gain of 
approximately two. The de voltage at both sides of A2C32 
should be near zero (+ 300 mV) with one side positive and 
the other negative. The ac waveforms at each side of A2C32 
should be equal in amplitude but 180° out of phase. The 
amplitude should be 6 to 7 V p-p. 


a. If the ac voltages are near equal and the dc 
voltages are of opposite polarity but not near zero 
and the amplitude control has little effect, then 
the trouble is probably in the feedback loop 
A2Q17, Q22 or Q23. This circuit holds A2C32 
near zero. 


b. If the balanced amplifier output is clipped or 
distorted, replace A2Q17 with approximately 
500 22 resistor between emitter and collector, 
using pc board holes. If the balanced amplifier’s 
output becomes a good sine wave, this indicates 
the Q17, Q22, Q23 loop is faulty. If not, the 
balanced amplifier differential pairs (QI! thru 
Q21) are at fault. 


c. [f A2C32 ac voltages are not approximately equal, 
the fault is probably in the differential pairs Q11 
thru Q21. 


d. If the instrument will not pass its balance specifi- 
cations check to see that A2R74 and R75 are the 
same value. 


5-88. TROUBLE ISOLATION IN THE REMAINDER OF 
THE LEVELING LOOP. 


5-89. The following check will determine if the trouble is 
in the Average Detector. 


a. The input of A2C40 should be 4 to 5.5 V de and 
the ac signal should be 0.8 V p-p to 1.0 V p-p. 
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b. AC waveshape should have the same wave shape as 
shown on Schematic No. 2. If you have a flatness 
problem, check the wave shape for symmetry and 
see if output capacitor C9 or C10 are leaking. 


5-90. The following checks will determine if the trouble is 
in the Control! Integrator or in the Meter Differential 
Amplifier. 


NOTE 


Disconnecting the outputs of A2CR21 
and CR22 will cause the voltage readings 
to be incorrect. 


a, If A2CR21 is not zero + 20 mV, the trouble is in 
the Meter Differential Amplifier. 


b. If A2CR22 is not zero + 20 mV, the trouble is in 
the Contro} Integrator. 


5-91. TROUBLESHOOTING THE AMPLITUDE CON- 
TROL INTEGRATOR. 


5-92. The Amplitude Control [ntegrator consists of A3Q6 
thru A3Q9. The output is +5 V to +7 V dc. The output 
feeds back into the Photocell Module of the Buffer 
Amplifier. Check the resistance of the filament in the lamp. 
It should be approximately 40 8. The photocell should 
have approximately | k& to 2 kQ resistance when a + 5 V 
to + 7 V dc is applied to the filament. 


5-93. TROUBLESHOOTING THE ALC LOOP. 


5-94. If the trouble is known to be in the ALC loop 
(Buffer and Balanced Amplifier and the Automatic Leveling 
Circuits) and cannot be isolated to a unit by the preceding 
paragraphs, then this method can be used to break open the 
loop. The Buffer Amplifier is then driven by an external 
signal generator (0.25 V rms at | kHz into 2.5 k&2) and it 
can be checked as any amplifier. 

a. Lift one side of A2R33 to isolate the Wien Bridge 

OsciJlator from the circuit. 


b. Lift the side of A2R38 which is connected to 
A2DSV1. 


c. Connect the signal generator with a large (at least 
10 uF) non-polar capacitor in series to A2R38. 
The capacitor blocks any dc present on the signal 
generator output. 


NOTE 
If a large non-polar capacitor is not 
available, use two polarized capacitors in 
series, with their + ends connected 
together. 


d. Set the signal generator frequency to | kHz and 
the output level to about .25 V rms (monitor with 
an ac voltmeter). 


Model 654A 


e. Signal trace the ALC loop. Signal levels, and 
voltages should correspond with those shown on 


the schematics. € 


5-35. TROUBLESHOOTING THE METER DIFFEREN- 
TIAL AMPLIFIER. 


5-96. The Meter Differential Amplifier is used for the 
meter in all functions. Use voltages on the schematic for 
Jocating the trouble. [f the base of A3Q2 is not zero, the 
trouble could be in the offset current reference circuit. 


5-97. TROUBLESHOOTING THE ATTENUATORS. 


5-98. If either side of the attenuator is shorted to ground, 
remove the cover and make a physical check. The signal 
path is probably touching the metal case or cover. The 
contacts of the switches should be kept clean and lubri- 
cated (refer to CAUTION on Page 5-13 and Service Note 
M45B). For proper lubricant, use -Electrolube 2A or 
Electrical Contact Lubricant, -hp- Part No. 6040-0300. 


NOTE 


In order for the altenuator to make 
specifications and ensure proper ground- 
ing, all mechanical connections must be 
very tight. 


5-99. SERVICING ETCHED CIRCUIT BOARDS. 


5-100.The Model 654A contains four case 
double-sided, etched circuit boards. When working on these 
boards, observe the following rules to prevent damage to 
the circuit board or components: 


a. Use alow-heat (25 to 50 watts) soldering iron with 
asmall tip. 


b. To remove a component, clip a heat sink (long 
nose pliers, commercial heat sink tweezers, etc.) 
on the component lead as close to the component 
as possible, Place the soldering iron directly on the 
component lead, and pull up on the lead, If a 
component is obviously damaged or faulty, clip 
the leads close to the component, and remove the 
leads from the board. 


EXCESSIVE OR PROLONGED HEAT 
CAN LIFT THE CIRCUIT FOIL FROM 
THE BOARD OR CAUSE DAMAGE TO 
COMPONENTS. 


c. Clean the component lead holes by heating the 
solder in the hole, quickly removing the soldering 
iron, and inserting a pointed, non-metallic object 
such as a toothpick. 


' 


i 
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d. To mount a new component, shape the leads and 
insert them in the holes. Clip a heat sink on the 
component, heat with the soldering iron, and add 
solder as necessary to obtain a good electrical 
connection. 


5-101. SERVICING ROTARY SWITCHES. 


5-102. The Model 654A contains two rotary type switches: 
FREQUENCY RANGE and the ATTENUATOR. When 
working on these switches, observe the following rules: 


a. Use a low heat (25 to 50 watts) soldering iron 
with a small tip. 


. When replacing components, attempt to dress 
them as nearly to their original alignment as 
possible. 


c. Clean excessive flux from the connection and 
adjoining area. 


. After cleaning the switch, apply a light coat of 
lubriplate to the switch detent balls. DO NOT 
apply lubricant to switch contacts or allow lubri- 
cant to contaminate components. 
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e. To eliminate excessive contact wear and oxidation, 
the contacts may be lubricated with Electrolube 
2G, -hp- Part No. 5060-6086. Only a very small 
amount of lubricant is necessary. Note: Electro- 
lube 2G will change to a reddish brown color with 
time; however, the lubricating properties are not 
affected. A more detailed description on how to 
apply Electrolube 2G is available at no cost from 
your local Sales and Service Office. Ask for Service 
Note M45B. 


5-103. SERVICING TUNER ASSEMBLY. 


5-104. When replacing the tuning capacitor, Cl, make 
certain that the tuner coupler and the frequency dial shaft 
are aligned to prevent binding of the FREQUENCY Dial or 
VERNIER control. If necessary, remove the frequency dial 
knob, frequency dial, and loosen the tuner drive assembly 
(casting and spur gears) retaining screws; then align tuner 
coupler and frequency dial shaft. Tighten retaining screws 
after tuner coupler and dial shaft are aligned. 


NOTE 


For correct alignment, refer to Frequency 
Dial Calibration, Paragraph 5-52. 
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Figure 5-17. Alignement Access Covers for Models 651B, 2A, 3A,4A 


PERFORMANCE CHECK TEST CARD 


Hewlett-Packard Model 654A Tests Performed By 
Test Oscillator Date 
Serial No. 
DESCRIPTION CHECK 
j }. FREQUENCY RANGE 10 Hz or less 10 MHz or greater 
(Paragraph 5-7) 
2. FREQUENCY ACCURACY 10 Hz to 100 Hz (X1O RANGE) +/-3% a 
(Paragraph 5-8) 100 Hz to 5 MHz +/-2% a 
5 MHz to 10 MHz +/4% eee 
3. AMPLITUDE ACCURACY +10 dBm, +/-1% at | KHz 
(Paragraphs 5-9 50 UNBAL eee 
through 5-14) 75 UNBAL a 
135 BAL ee 
150 BAL ——— 
600 BAL es 
4. LEVEL FLATNESS +/-0.5% (referenced to | KHz level) 
(Paragraphs 5-15 10 Hz to 10 MHz 
through 5-20) 50 UNBAL 
+10 dBm fae eo 
0 dBm —— 
75 UNBAL 
+10 dBm ene 
0 dBm ees 
+/-0.5% (referenced to | KHz level) 
10 Hz to 5 MHz 
135 BAL 
+10 dBm Sees 
0 dBm as 
150 BAL 
+10 dBm a 
0 dBm 
+/-0.5% (referenced to | KHz level) 
!0 Hz to | MHz 
600 BAL 
+10 dBm os 
0 dBm —_——— 


5. METER TRACKING 
ACCURACY +/-0.05 dB ____ 
(Paragraph 5-21) 


PERFORMANCE CHECK TEST CARD (CONT'D) 


6. ATTENUATOR ACCURACY 
(Paragraphs 5-22 
through 5-27) 


10 dB/STEP Ist HALF) = -.2nd HALF 
300 KHz 
+/-0.15 dB, all positions eens a 


10 MHz 
+/-0.15 dB, +10 through -60 dB ____ — 
+/-1 dB, -70 and -80 dB = —— 

| dB/STEP 
300 KHz 

+/-0.15 dB, all positions = —__ a 
10 MHz 
+/-0.15 dB all positions 


7. BALANCE Greater than 50 dB 


(Paragraphs 5-28 10 Hz to | MHz 
through 5-34) 135 BAL 
150 BAL 


600 BAL 


Greater than 40 dB 
1 MHz to 5 MHz 


135 BAL 
150 BAL 
600 BAL 


Greater than 40 dB below 
fundamental 


10 Hz to 1 MHz 


. DISTORTION 
(Paragraph 5-35) 


Greater than 34 dB below 
fundamental 


1 MHz to LO MHz 


Greater than 70 dB below 
full output (+11 dBm) 


. HUM AND NOISE 
(Paragraph 5-36) 


Greater than 0.1 V rms 
into 50 ohms, 
10 Hz to 10 MHz 


. COUNTER OUTPUT 
(Paragraph 5-37) 


M 
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SECTION VI 
REPLACEABLE PARTS 


for ordering 


replacement parts. Table 6-] lists parts in alphameric order 
of their reference designators and indicates the description, 
-hp- part number of each part, together with any applicable 
notes, and provides the following: 


a. Total quantity used in 


the instrument (TQ 


column). The total quantity of a part is given the 
first time the part number appears. 


b. Description of the part. (See list of abbreviations 


below.) 


c. Typical manufacturer of the part in a five-digit 
code. (See Appendix A for list of manufacturers.) 


d. Manufacturer’s part number. 


6-3. Figures 6-1 and 6-2 illustrate the replaceable 
mechanical parts used in the 654A. Miscellaneous parts are 
listed at the end of Table 6-1. 


6-4. ORDERING INFORMATION. 


6-5. To obtain replacement parts, address order or inquiry 
to your local Hewlett-Packard Field Office. (See Appendix 
B for list of office locations.) Identify parts by their 
Hewlett-Packard part numbers. 


6-6. NON-LISTED PARTS. 
6-7. To obtain a part that is not listed, include: 
a. Instrument mode] number. 

b. Instrument serial number. 


c. Description of the part. 


d. Function and location of the part. 


ABBREVIATIONS 
Ag silver Hz . hertz (eyelets) per second) NPO +». -Megative positive zero B20 . w.k wee ad : slice 
eee aluminum \zero temperature coefficient) SPOT single pole double throw 
BSSscewe te ee eee ope. IOS. . ...inside diameter 9s . Manosecond(s} » 109 seconds SPST . single pole single-thraw 
Au gold impq ‘impregnated — nsr » ses. NOt separately replaceable 
ROI oe 2p a: ie i wo BET pee me incandescent Kiegeif Me Oe tantalum | 
capacitor ins . cinwlationted) Q., eh . ohmi{s) . . temperature coefficient 
- .. Leramic obd . order by deseription . titanium dioxide 
coefficient kKQ.... 0 0... kilohm(s) « 10'3 orm «GD. . outside diameter .  toggte 
. .eommon kHz. . ckilohertz = 10°? herte . tolerance | 
compasition GE ime sities reine Tie Crete kee o AO ZEN oc aoe ct aaron .. Wimmer 
aries connection = L inductor = pA errr Peer rie | » «+ (ransistor 
(i pe tote ae -+.. . «linear taper pe ec Sa, -. Printed circuit 
dep . .depasited log. .. Jogarithmic taper pF... + picofmrad(s) 102 farads Vo... ek ee ne eee e aged volt(s) 
DPDT fe pole double throw WON a5: Roth seviies coe Ree peak inverse voltage vacw . allernating current working voluege 
DPST double pole gingle-throw mA milliatoer TOS amperes p/o vores PASE OF War. SE 12 phsarigeg ae FS pigar mss variable 
MHz 1 *10'Ghertz pos -.. positianis) —vdew direct current working voltage 
elect dlectrolytic MOQ megonenits) - 10*6 onms — paly .... polystyrene 
encap . .encupsulated = met fim . ...matal film par -. potentiometer W oa wattls) 
mir. mariufacturer p-p . Peak-to peak = Ww. 5 a8 stp aes 2 oe Wath 
) =e amps When faradis) ms. . mullise pet ihc sieiica -partspermillion wiv .... 2. ..... . working inverse voltage 
FET . field effect transistor mtg . mounting prec. precision (temperature coeffient, w/a without | 
(ed fixed mV. 10 2 volt: long term stability and/or tolerance) ~oww .. ... irowound 
LF » rdf s) 
GaAs gallium arsenide pS... n R 
GHz poahertz © 10*9 perrz UV... emerovelt(s) « Al 
a dss . quard{ed) my rm Optimum value selected at fectory, 
Ge... .Germanlgin rot . fotary average value shown (part may be omitted) 
Ct groundle ) 9A nannampernts) 1O9 amperes i  ti(i(‘<‘<i<i<iti‘i‘itits ee NG standard type qumber assigned 
ij NC a C2 ee ge eeties . weleniunm selected of special type 
4 . fenryties) Ne. * P neon sect .. sectronts) 
a f ah iy NOW. ass normally oper . silicon @® _Oupant de Nemours 
DECIMAL MULTIPLIERS 
Prefix Symbols Multiplier | Pretix Symbols Multiplier 
tera T tol | ent 19? | 
giga G 109 ili m 104 
mega Mav Meg 106 “u 106 | 
kilo Kark 10% nanic n 10? 
hect t 192 gico p 10-12 
Joka da 10 furnto f 1015 
L oe : = 10" Se me __4p'8 STD-B-2734 
4 DESIGNATORS 
aa trege. ceimembig FL tite Q. ae | transistor Ts . terminal strip 
aT... motor HR heater OCR — tranwetordiode Uo... . wwe ee » microcireuit 
45 . battery IC miegrated ciraat RO. 4 x i + ... fesistor v . vacuum tube. neon bulb phiatocell, ete 
cr capacitor J... ... jack AT. : z igre Wim astemcmns Mtacnes ae asus . able 
oO diode K .. telay S vs reel 6) 42 ROR: ove igs on Hasusiore . socker | 
.. - Gelaviine Li... inducter alg sen aon ee +. oe... transformer = XDS . larmphoider 
e . lamp oM mete TB... , . terminal board = XF fuseholder 
‘my mite lectronic part = MP mechanical part TC. & qeterh ruse .. .. thermocouple Y. . ory ital 
= 16g@. TR aces plug TP .. lestpoint Z. .  Petwork 
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A1C3 
A1C6 
A1C14,15 
A1C17 
A1C18 


A1C19 
A1C20 
A1C21 
A1C23, A1C24 


A1CR1 thru 
A1CR4 
A1CR5, CR6 
A11CR11 
A1CR12, CR13 
A1CR14 


A1CR15 
A1CR16 


A1CR20 
A1CR22 


A1CR23 
A1CR24 
A1CR25 
A1CR26 


A1Q1 
A1Q2 

A103 thru QS 
A106, Q7 


A1R1 
A1R3 
A1R4 
A1R5 
A1R6 


A1R7 
A1R8 
A1R9 
A1R10 
A1R11 


A1R12 
A1R13 
A1R18 
A1R19 
A1R20 
A1R29 
A1R30 
A1R31 
A1R32 
A1R33 


A1R34 
A1R35 
A1R36 
A1R37 
A1R38 
A1R39 
A1R40, R41 
A1R42, R43 
A1U1, U2 


A1CR17—A1CR19 


REFERENCE “hp- 
EUBIGNATER PART NO. 79 | DESCRIPTION 


00653-66507 


0140-0177 
0180-0230 
0150-0052 
0180-0230 
0140-0149 


0180-0161 
0180-1746 
0180-0161 
0150-0084 


1901-0158 
1901-0040 
1902-0777 
1901-0040 
1902-0184 


1901-0040 
1902-0777 


1901-0040 
1902-0777 
1902-0184 


1901-0040 
1902-0184 
1901-0040 
1902-3190 


1853-0037 
1854-0474 
1853-0037 


0757-0403 
068 3-3035 
0757-0440 
0698-4450 
068 3-0395 


0683-4715 
068 3-1835 
0757-0436 
0757-0279 
0757-0451 


0698-4445 
0757-0403 
0698-4888 
0698-4405 
0757-0280 
0698-4484 
0698-4445 
0698-4435 
0757-0436 
0683-0395 


0683-4715 
0698-4450 
0757-0440 
0683-1535 
0683-3035 
0761-0024 
2100-3211 
0683-0395 
1826-0043 
1200-0437 


Model 654A 
Table 6-1. Replaceable Parts (Cont'd) 
MFR. MER. PART NO. 


PC BOARD: POWER SUPPLY 
fxd 400 pF + 1% 300 vdcew 
fxd 1 uF + 20% 50 vdcew 
fxd Al elect 0S uF +75% - 10% 400 vdew 
fxd 1 uF + 20% 50 vdcw 
fxd 470 pF + 5% 300 vdcw 


00653-66507 
DM15F401F0300WV1CR 
150D105X0050A2 
0150-0052 
150D105xX0050A2 
DM15F471J0300WV1CR 


fxd 3,3 uF + 20% 35 vdcw 
fxd 15 wF + 10% 20 vdcw 
fxd 3.3 uF + 20% 35 vdcew 
fxd .1 uF +80%, - 20% 100 vdcew 


150D335X003582 
150D156X902082 
150D335X003582 
0150-0084 


OO G2 


Diode: Si $R1258-3 obd 


Diode: Si 50 mA 30 V 1901-0040 
Diode: TC REF 1N825 

Diode: Si 50 mA 30 V 1901-0040 
Diode: bkdn 16,2 V 1902-0184 


Diode: 
Diode: 


Si 50 mA 30 V 
TC REF 


1901-0040 
1N825 


Diode: Si 50 mA 30 V 1901-0040 
Diode: TC REF 1N825 
Diode: Bkdn 16.2 V 1902-0184 


Diode: Si 50 mA 30 V 
Diode: Bkdn 16.2 V 

Diode: Si 50 mA 30 V 
Diode: Bkdn 13 V 


1901-0050 
1902-0184 
1901-0040 
$210939-215 


Not assigned 
Tstr: NPN 

Tstr: Si PNP 
Tstr: Si PNP 


1853-0037 
1854-0474 
1853-0037 


fxd comp 121 2 + 1% 1/8W 
fxd comp 30K + 5% 1/4W 
fxd comp 7.5K + 1% 1/8W 
fxd comp 3242 +1%1/8W 
fxd comp 3.9 2 + 5% 1/4W 


C4-1/8-To-121-R-F 
CB3035 
C4-1/8-To-7501-F 
C4-1/8-To-324R-F 
CB0395 


PAA aD 


CB4715 
CB1835 
C4-1/8-T0-4321-F 
C4-1/8-To-3161-F 
C4-1/8-To-2432-F 


fxd comp 470 2 + 5% 1/4W 
fxd comp 18K + 5% 1/4W 
fxd comp 4.32K + 1% 1/8W 
fxd comp 3.16K + 1% 1/8W 
fxd comp 24.3k2 + 1% 1/8W 


ApUID 


C4-1/8-To-5761-F 
C4-1/8-To-121R-F 
NA6 

C4-1/8-To-107R-F 
C4-1/8-To-1001-F 
C4-1/8-To-1912-F 
C4-1/8-To-5761-F 
C4-1/8-T0-2491-F 
C4-1/8-To-4321-F 
CB0395 


fxd 5.76K + 1% 1/8W 

fxd comp 121 2 + 1% 1/8W 
fxd 1180 2 + 1% 1/8W 

107 Q 1% 1/8W 

1K 1% 1/8W 

fxd comp 19.1K + 1% 1/8W 
fxd 5.76K + 1% 1/8W 

fxd comp 2.49K + 1% 1/8W 
fxd comp 4.32 K + 1% 1/8W 
fxd comp 39 2 + 5% 1/4W 


BRAD VDA DD 


R: fxd comp 470 2 + 5% 1/4W CB4715 

R: fxd comp 324 2 + 1% 1/8W C4-1/8-To-324R-F 

R: fxd comp 7.5K + 1% 1/8W C4-1/8-To-7501-F 

R: fxd comp 15 kQ + 5% 1/4W CB1535 

R: fxd comp 30K + 5% 1/4W CB3035 

R: fxd comp 2.4K +5%1W FP32-1-Too-2401-J5 

R: var 1K + 10% 2100-3211 

R: fxd comp 3.9 2 + 5% 1/4W CB0395 ‘ 
1C: OP AMP LM307H 


Socket: IC 7009-265-5 


el 654A Model 6S4A Seiwa 
- Table 6-1. Replaceable Parts 
REFERENCE ~hp- 
f 9 DESIGNATOR PART NO. TQ DESCRIPTION MFR MFR. PART NO. 
NV1ICR 
2 
2 
NVICR 
? 
2 
2 
00654-66502 PC board: main, oscillator and output -hp- 
121.0421 var 210 pF GOOLC 5640/10 PC 
0150-0084 : fxd cer 0.1 uF #80" -20% 100 vdew 72982 8131-100-651-1042Z 
‘i 0180 1792 “fxd Al 2900 uF +75% 10%, 3 vdew 6289 39029860036 14-088 
; 0180 0228 : fxd Ta 22 uF +/10% 15 vdew 56285 1500 226X901582-DYS 
- 0180-0063 fxd Al 500 uF +75% -10. 3 vdew 56289 30050760030 F2-0SM 
-F Not assigned 
0140-0202 C: fxd mica 15 pF + 5" 72136 ROMISCISOJSC 
0150-0084 C: fxd cer O 1 uF +80°) 20. 100 vdew 72982 8131-100-651 1042 
C11,C12 0180.0039 C: fxd AL 100 uF #75 % 10% 12 ydew 56289 300107G012CC2-05M 
ae 01800101 C: fxd Ta 1.8 uF + 10> 36 vdew 56289 1500185X903582-DYS 
J Not assigned 
C5 0150-4022 C- fxd Tid2 3.3 pF + 10%) 500 vaew 78488 Type GA obd 
-F C16 0160-2206 : fxd mica 160 pF +) 6° 72136 ROMISFIGIJ3C 
Ci7 0150 0093 : fxd cor 0.01 uF +80", 20°. 100 vuew 91418 
po C18 0150 0022 : fxd TiO2 3.3 pF +! 10%) 500 vdew 78488 
t-F C19 0150 0093 2 fxd cer 0.01 uF 80%. -20% 100 vdew 91418 
C20 0150 0084 ~ fxd cer 0.1 uF +80°) -20) 100 vdew 72982 8131 100 651 1042 
UF C21* 0150-0046 _ fxd Ti02 0.68 pF +/-5% 500 view 78488 Type GA 
-F C22 0160-2197 - fxd mica 10 pF +/ 5°. 72136 ROM15C100/3C 
LE C23 0140 0145 “fxd mica 22pF +/-5% 72136 ROMI5C220J5C 
=f C24 0160-2204 _ fxd mica 100 pF +/-5 72136 ROMISFIUII3C 
1-F C25 0150 0084 fxd eer 01 uF +80 -20% 100 vdew 72982 8131 100-651-1042 
1-F . €26 thru C29 0160-2605 : fed cer 0.02 uF +B0% 20°, 25 vdew 72982 §835Y5U203Z 
€30,C31 0158-0093 > fxd cer 6.01 uF 80%. -20". 100 vdew 31418 TA 
f C32 0121 0162 var 1.2-3.5 pF 74970 | 189 351-5 
033 thru C35 0150-0093 : fxd cer 0.01 uF +80% 20). 190 vdew 91418 
3-F \ C36 0150 0046 “fxd TiO? 0.68 pF +/-5°. 500 vdew 78488 
|-F | 037 Not assigned 
) 0160-3431 C. fxd cer 6.8 pF +/-5°4 500 vdew 72982 301 -000-S3806890 
Not assigned 
o1-J 4 0180-2176 - fxd Ta 180 uF +/-20% 10 vdew 56289 1090187X0010F2-DYP 


0180-0137 


0180-0689 
0121-0421 
0180-0137 
0150-0084 


> fxd Ta 100 uF +/-20°, 10 vdew 37942 TAS107MO10PIF 


C 

C. fxd Ta 270 uF +/-20% 30 vdew -hp- 1090277X0015T2 
C. var 2-10 pF OOOLC 5640/10/PC 

C. fxd Ta 100 uF +/-20°. 10 vdew 37942 TASIJO7MQ10P1F 
C. fxd cer 0.1 uF +80%s -20% 100 vdew 72982 8131-100-651-104Z 


OR 


Section VI Model (54.4 


Table 6-1.) Replaceable Parts (Cont'd) 


REFERENCE 
DESIGNATOR 


A2 (Cont'd) 


CRI,CR2 1910-0016 Diode. Ge 60 wiv | ms 02361 

CR3 1901-0025 Diode. Si 100 mA at +1 V 100 piv 12 pF RD1526 
CR4 1902-3182 Diode: breakdown 12.1V +/-5°) 400 mW $Z10939-206 
CR5 19020045 Diode: breakdown 7,32V +/-2% 400 mW $Z10939-144 


CR6 1902-3237 Diode: breakdown 20V +/.5% 400 mW $Z10939-269 
CR7 thru CRI) 1901-0025 Diode Si 100 mA at +1V 100 piv 12 pF RD 1526 

CR12 1902-0057 Diode: breakdown 6.49V +'-5", 400 pas $Z10939-128 
CRI3 1902-3259 Diode. breakdown 24.3V +/-5°5 400 inv\ $Z10939 293 


CRI4 1902-0025 Diode: breakdown 10V +/-5% 400 mW $Z10930-182 
CR15 thru CRIB 1901 0025 Diode. Si 100 mA at +1V 100 piv 12 pF RD1526 

CRI9 1902-0766 Diode: breakdown 18.2V +/-5% 400 mW $Z10939-257 
CR20 1902-0045 Diode: breakdown 7.32V +/-2%. 400 mW $2Z10939-144 


CR21,CR22 1901-0347 Ojode: St hot carrier 20 inA 1.5 pF 8 vdew 

CR23 1902 0041 Diode: breakdown 5 11V 4/5. 400 mW $Z10939 98 
CR24 1902 3182 Diode: breakduwn 12.1V +/ 5%, 400 mW $Z10939-206 
CR25 1902-0222 Diode. Zener 14V 5 $Z1921.98 
CR26 1902-0554 Qiode Zener 10V5 

oSsvl 1990-0082 Lamp: photocell moiul CL5012 

Ll thru L3 9170-0016 Bead ferrite 56-590 65A1/3B 


1855-008} TSTR. FET N-channel type A 2N5245 

1854-0215 TSTR: Si NPN 2N3804 SPS3611 
1853-0036 TSTR. Si PNP 2N3906 SPS3612 
1854 0233 TSTR: Si NPN 2N3866 


2N2218 
2N2994A 
SPS3611 
SPS3612 


TSTR: Si NPN 2N2218 
TSTR: Si PNP 2N2904A 
TSTR: Si NPN 2N3904 

TSTR: Si PNP 2N3906 


1854-0053 
1853-0012 
1854 0215 
1853 0036 


Qa 
Q7 thru O39 
aio 


MPS3563 
$3197 
SPS3611 


TSTR: Si NPN 2N3563 
TSTR: Si PNP 

TSTR: Si NPN 2N3904 
TSTR: Si NPN 2N3B66 


1854-0092 
1853-0034 
18540215 
1854 0233 


Q11,Q12 
Q13,a14 
Q15,Q16 
ai? 


2N2218 
2N2904A 
2N2218 

2N2904A 


TSTR, Si NPN 2N2218 
TSTR. Si PNP 2N2904A 
TSTR: Si NPN 2N2218 

TSTR: Si PNP 2N2904A 


ata 
aig 
q20 
a2) 


1854-0053 
1853 0012 
1854 0053 
1853-0012 


MPS3460 5 
SPS3611 
MPS6543 
SPS3612 


TSTR. Si PNP 2N3640 
TSTR: Si NPN 2N3904 
TSTR: Si NPN 

TSTR: Si PNP 2N3906 


022,023 
024 
a25 
026 


1853-0015 
1854-0215 
1854-0296 
1853-0036 


0757-0430 R: fxd met flm 2210 ohms +) 1, 1/8 W MF-1/10 32 

0698-4430 R> fxd met flm 1910 ohms + 1 1,8 W MF-1/10-32 obd 
: 2100-1984 R: var 100 ohm +/-10% 1/2 W 62PR100 
; 2100-2604 A> var SU ohms +/-104 1/2 W Type SV5001 


0757-0401 R- txd met flm 100 ohms +1) 1/8 We MF-1/10-32 
0683-0275 R: fxd comp 2.7 ohms +/-8% 1/4 W CB27C5 
0683-035 R. fxd comp 10 kilohms +/-5 1/4 W CB1035 
0698 3158 R: fxd met fim 237 kilohms +91) 1/8 W MF-1/10-32 


0757-0280 R. fxd inet flm 1000 ohms +/-18. 1/8 W MF-1.10 32 
0698-3279 R. fxd met flim 4.99 kilohms +) 1418 W MF 110-32 obd 
0698-3558 R: fxd met flm 4020 ohms +/-1 1/8 W MF-1 10-32 obd 
07570449 R: fxd met flm 20 kilohms +-1°. 1/8 W MF-1/10 32 


0698-4453 R: fxd met fim 402 ohms +) 1. 1/8 W CEA 
0757-0283 R: fxd met (lm 2000 ohms + -14 1/8 W C4 
Not assigned 
0757-0384 R: fxd met flm 20 ohms +/-1%4 1/8 W MF-1/10-32 obd 


0683-9105 R. fxd comp 91 ohms +/-5°. 1/4 W CB9105 
0698-3639 R: fxd met oxide 1200 ohins +/-5%s 2 W C42S 

0683-1005 R- fxd comp 10 ohms +/5/: 1/4 W CB1005 
0683-3005 R° fxd comp 30 ohms +/-5%. 1/4 W C83005 


MF1/10-32 
C827G5 
CB1005 
MF-1/10-32 obd 


fxd met flim 10 ohms #1 1/8 W 
: fxd comp 2.7 ohms +/-55 1/4 W 
. fxd comp 10 ohms +/ 5") 1/4 W 
fxd met flm 1000 ohms #/-1% 1/8 W 


R22,R23 
R24 
R25 
R26 


0757-0346 
0683-0275 
0683.1005 
0757-0280 


DawuwD 


el OS4A Mouel 654,\ Section V1 


Table 6-1. Replaceable Parts (Cont'd) 


REFERENCE -hp- 
DESIGNATOR PART NO. Ee DESCRIPTION MFR. PART NO. 


A2 (Cont'd) 
R27 


0683-4705 R: fxd comp 47 ohms +/-5% 1/4 W 01121 C84705 
R28 0757-0444 R: fxd met flm 12.1 kilohms +/-1% 1/8 W 91637 MF-1/10-32 obd 
R29 Not assigned 
R30 0757-0401 R. fxd met flm 100 ohms +/-1°% 1/8 W 91637 MF-1/10-32 obd 


R31 
R32 
R33 


0683-5115 R: fxd comp 510 ohms +/-5% 1/4 W 0112) CB5115 
Not assigned 


R: fxd met ftm 1690 ohms +/-)% 1/8 W 91637 MF-1/10-32 obd 


0698-4428 


R34 0698-3558 R. fxd met fim 4020 ohms +/-1% 1/8 W 91637 MF-1/10-32 obd 
R35,R36 0757-0401 R: fxd met ffm 100 ohms +/-1% 1/8 W 91637 MF-1/10-32 obd 
R37 0757-0290 R: fxd met flm 6190 ohms +/ 1% 1/8 W 91637 MF-1/10-32 obd 


R38 0698-4123 R: fxd met flm 499 ohms +/-1% 1/8 W 91637 MF-10-32 obd 
R39 0757-0283 R: fxd met flm 2000 ohms +/-1% 1/8 W 14674 C4 obd 
R40 0757-0277 R- fxd met flm 49.9 ohms +/-19s 1/8 W 91637 MF-1/10-32 obd 
R41,R42 Not assigned 


R43 0757-0826 R. txd met flm 2430 ohms +/-175 1/2 W 75042 CEC T-0 obd 
R44 0698-4123 R: fxd met flm 499 ohms 7-196 1/8 W 91637 MF-1/10-32 obd 
R45 0757-0280 R- fxd met flm 1000 ohms +/-1°) 1/8 W 91637 MF-1/10-32 obd 
R46,R47 0757-0407 R- fxd met flm 200 ohms +/-1% 1/8 W 91637 MF -1/10-32 obd 


R48 0698-3558 R: fxd met fl 4020 ohms +/-194 1/8 W 28480 0698-3558 obd 
R49 0757-0280 R- fxd met flm 1000 ohms +/-1% 1/8 W 91637 MF-1/10-32 obd 
R50 0757-0407 R: fxd met flm 200 ohms */-1% 1/8 W 91637 MF-1/10-32 obd 
R51 0757-0283 R. fxd met flm 2000 ohms +/-1. 1/8 W 14674 C4 obd 
R52 Not assigned 

R53 0757-0283 R: fxd met flm 2000 ohms +/-1'% 1/8 W 14674 C4 obd 
R54 06984123 R: fxd met fl 499 ohms +/:1%5 1/8 W 91637 MF-1/10-32 obd 
R55 0757-0403 R. fxd met flm 121 ohms #/-1% 1/8 W 91637 MF-1/10-32 obd 
R56 0757-0283 R: fxd met flm 2000 ohms +/-1% 1/8 W 14674 C4 obd 
R57 0757-0434 R. fxd met flm 3650 ohms +/ 1% 1/8 W 35009 CEA obd 
R58 0757-0403 Ro fxd met flm 121 ohms */ I 1/8 W 91637 MF-1/10-32 obd 
R59 0757-0283 R: fxd met flm 2000 ohms +/ 1% 1/8 W 14674 C4 


Reo, 0757-0828 
R61,RE2 0698-3262 
R63 


0757-0410 


: fxd met flm 3010 ohms +/ 1% 1/2 W 91637 MFF 1/2 T-1 
: fxd met flm 40 2 ohms 1 16299 C4-1/8-T0-4022-F 
: fxd met flm 301 ohms +/-15 1/8 W 91637 MF-1/10-32 


a>uD 


R64 
R65 
R66 
R67 


0698-4864 
0757 0407 
0757-0828 
0757-0410 


: fxd met tlm 499 ohms t/-!2 1/2 W 91637 MFF 1/2 T-1 
> fxd met flm 200 ohms +/-1% 1/8 W 91637 MF-1/10-32 obd 
fxd met flm 3010 ohms +/-14 1/2 W 91637 MFF 1/2 T-1 obd 
: fxd met flm 301 ohms +/-125 1/8 W 91637 MF-1/10-32 


zamwmDD 


R68, R69 0757-0346 : fxd met Hm 10 ohms +/-1% 1/8 W $1637 MF-1/10-32 


R71,R72 0757-0346 . fxd met fim 10 ohms +/-1% 1/8 W 91637 MF-1/10-32 


R74,R75 0698 6362 R: fxd met flm 1000 ohms +/-0.1% 1/8 W 91637 MF-1/10-32 obd 
R76,R77 0698-6800 R: fxd met fim 62 ohms +/-0 1% 1/8 W 91637 MF-1/10-32 obd 
R78 0698-3208 R: fxd met flm 4990 ohms +/1%) 1/4 W 91637 MF-1/8-44 obd 
R79 0698-3558 R: fxd met {lm 4020 ohms +/-1% 1/8 W 91637 MF-1/10-32 obd 
R80 Not assigned 

R81 0698-4123 R. fxd met flm 499 ohms #/-1% 1/8 W 91637 MF-1/10-32 obd 
R82 0698-44 28 R: fxd met flm 1690 ohmd +/-1%5 1/8 W 91637 MF-1/10-32 obd 
R83 0757-0401 : fxd met flm 100 ohms +/-1% 1/8 W 91637 MF-1/40-32 obd 


RB4 0757-0290 R: {xd met flm 6190 ohms +/-1% 1/8 W 91637 MF-1/10-32 obd 
R85 0757-0401 R: fxd met flo 100 ohms +/ 1%) 1/8 W 91637 MF-1/10-32 obd 
R86 0698-4423 R. fxd met fim 1370 ohms +/-1% 1/8 W 35009 CEA obd 
R87 0757-0420 R: fxd met flm 750 ohms +/-1° 1/8 W 91637 MF-1/10-32 


R88 0757-0084 R: fxd met film 2700 ohms +/-176 1/2 W 91637. | MFF 1/2 T-d obd 
R89 0757-0427 R: fxd met flm 1500 ohms 4/-1°%5 1/8 W 91637 MF-1/10-32 obd 
R80 0683-0275 R: fxd comp 2 7 ohms +/-5% 1/4 W 01121 CB27G5 

RO 0757-0280 R: fxd met flm 1000 ohms +/-1% 1/8 W 91637 | MF-1/10-32 obd 


0340-0060 Insulator. feed thru 98291 FT-E-15 


00654-66503 


PC board: meter leveling -hp- 


0150-0093 C: fxd cer 0.01 uF +80% -20% 100 vdew TA obd 
0180-1942 C: fxd Al 150 uF +75% -10% 15 vdew 56289 30D157G015D02-0SM 
0150-0084 C: fxd cer 0.1 uF +80% -20% 100 vdew 72982 8131-100-651-104Z 

0150-0093 C: fxd cer 0.01 uF +80% -20% 100 vdew 91418 TA obd 


Seetion V4 Maatebas4 \ 


Table 6-1. Replaceable Parts (Cont'd) 


REFERENCE -hp- ee ws 
DESIGNATOR PART NO. rQ DESCRIPTION MFR MFR. PART NO 


A3 (Cont'd) 


c5 0140-0200 1 C* fxd mica 390 pF +/-5 72136 ROMI5F391J3C 
C6 0180 0033 } C: fxd Al 50 uF +100% -10°. 6 vdew 56289 30D506G0U8CB2 DSM 
C7. 0180-0063 C fxd Al500 uF #75 -10°. 3 vdew 56289 30051)7G0030F2 DSM 
c8 0150-0093 C fxd cer 0.01 uF +80 | -20°: 100 vdew 31418 TA obd 
cg 0160 2204 C: fxd mica 100 pF +/-5% 300 vdew 72136 ROMI5F101J3C 
C10 0180 1719 1 C. fxd Ta 22 uF ¥/-10°, 25 vdew 56289 1090226x9U25C2 
C¥1,C12 0150-0093 C- fxd cer G01 uF +80° 20°. 100 vdew 91418 TA ubd 
CRI 1902 3237 Diode breakdown 20V +/-5% 400 mw 04713 $210939 269 
CR2 1902-0777 Diode’ zener 6 2V +/-5% 1N825 400 mw 12954 
CR3 1902-0057 Dinde: breakdawn 6 49V +/-5% 400 mw 04713 $Z10939 128 
CR4 1901-0347 Diode’ Si hot carrier 8 vdew 20 mA 1.5 pF -hp- 
CR5 1963-0025 Diode: Si 100 mA at +1V 100 piv 12 pF 07933 ROD1526 
CRE 1902 0057 Diode breakdown 6.49V +/-5% 400 mw 04713 $Z10939-128 
QI thru O3 1854-0215 TSTR Si NPN 2N3904 04713 SPS3611 
a4 1853-0036 TSTR: Si PNP 2N3906 04713 SPS3612 
Q5 thru O7 1854-0215 TSTR: Si NPN 2N3904 047173 SPS3611 
ag 1853 0036 TSTR: Si PNP 2N3906 | 04713 SPS3612 
ag 1854-0039 | TSTR: Si NPN 2N3053 04713 23053 
RI 0698-3279 2 R fxd met flm 4990 ohins + -1 1/8 W 91637 MF-1/10 32 abd 
R2 0757-0427 R. fxd met fim 1.5 kilohims #/-1°) 1/8 W 91637 MF-1/10 32 nbd 
R3 0757-0743 l R: fxd met flm 3320 ohms #1. 1/4 W 91637 MF 1844 abd 
R4 0757 0410 R. fxd met flin 30} ohms #1 1/8 W 91637 MF 1/1032 ahd 
R5 0757-0277 R. fxd met flm 499 chins +71 18 W 91637 MF 1/10 32 obd 
R6 0698-3406 ] R. fxd met fin 1.33 kilohms #1) 1/2 W 91637 MEFF-1 2-11] obd 
R7 2100-1984 R var 100 ohms +/-1) 1/2 W 73138 62PR100 
R8 0757 0280 R. {xd met flm 1000 ohms 4-1 EW 91637 MF 1°10 32 abd 
R9 0698-6799 1 R- fxd met fim 4530 ohnis #/-1 1/8 W 91637 MF-1:10 32 obd 
R10 0757-0271 2 R: fxd met flrn 124 kilohms #/-1 1/8 W 35009 CEA obd 
R11 0698-4504 2 R. {xd met Flin 69.8 kilohms +/-1°. 1/8 W 35003 CEA obo 
R12,R13 Not assigned 
Ri4 0757-0442 R fxd met flm 10.0 kilohms +) 1. 1/8 \W 91637 MF-V10 32 abu 
R15 0698-4486 2 R: fxd met flm 24.9 kilohims #/ 15 1/8 W 91637 ME-1/10 32 ubd 
R16 0757-0442 R- fxd met film 10.0 kilohins */.14 1/8 W 91637 MP 1/10-32 obd 
R17 0698 3279 R> fx) met flm 499 kilohms +/-1, 1/8 W 91637 MF 1/10 32 obd 
R18 2100-2030 1 R: var 20 kilohms +/ 20%. 1/2 W 73138 62PR20K 
R19 0698-6801 | R: fxd met flm 3480 ohms + 1°, 1 8 W 91637 MF 1/10 32 obd 
R20 2100-1772 1 R: var 500 ohms +/-10°. 1/2 W 75042 Type 500 obd 
R21 0757 0271 R- fxd met flm 124 kilnhims +/ 14 1/8 W 35009 CEA obd 
R22 0698-4504 R- fxd met flin 69.8 kilohms #/ 161 8W 35009 CEA obd 
R23 0683 1825 1 R fxd comp 1.8 kilohms +) 5. 1/4 W 01421 CB1825 
R24 0698-4486 R: fxd met flm 24.9 kilohms 4/-14. 1/8 W 91637 MF-110-32 abd 
R25 0812-0049 1 R fxd ww. 500 ohms 1/5") 2W 91637 CW2B3 

AG 00654-66504 1 PC board: impedance -hp- 


> 


Gi 0160-0196 1 : fxd mica 24 pF +5 72136 ROM15C240J3S 


RI 0757-0276 2 R: fxd met flm 61.9 ohms /-1%s 1/8 W 19701 MF4C 

R2 0698-7160 1 R: fxd met flm 113.65 ohms +/.0.1% 1/8 W 91637 MF 110-32 obd 
R3 0698-7166 ] R- fxd met flm 27.276 ohms +/-0.1°) 1/8 W $1637 MF-1/10.32 obd 
R4 0757-0276 R: fxd met flm 61.9 ohms #/-17) 1/8 W 19701 MF4C obd 


R5 0698-7161 | R- fxd met flm 139.19 ohms +/-0.1% 1/8 W 91637 MF 1/10-32 
R6 0698-7171 R fxd met fim 1.73 ohms +/-1%5 1/4 W 75042 TFU7 obd 
R? 0698-7168 | R: txd met fim 3] 283 ohms +/-0 1% 1/8 W 91637 MF-1/10.32 obd 
R8 0698 7165 2 R- fxd met flm 21 105 ohms */0.1° 1/8W 91637 MFF 1/8 T 2 


RQ 0698-7167 2 R. fxd met fim 29 261 ohms + -0.14 1/8 W 91637 MF-1/10-32 

R10,R11 0698-7170 2 R: fxd met flm 70.832 ohms +/-0.1% 1/8 W 91637 MF-1/10-32 obd 
R12 0698-7165 R: (xd met flm 21.105 ohms +/-0.1%) 1/8 W 91637 MFF 1/8-T-2 obd 
R13 0698-7167 R: fxd met film 29.261 ohms +/-0.1°. 1/8 W $1637 MF-1 10-32 

R14 0698-7164 2 R: fxd met fim 17.273 ohms +/-0.25% 1/8 W 01295 C550 

R15 0698-7169 2 R> fxd met flm 36.550 ohms +/-0.1) 1.8 W 91637 MF 1/40-32 ohd 
R16,R17 0698-7159 2 R: {xd met flm 74.663 ohms +/-0.1 5 1/8 W 91637 MF 1 10-32 obd 
R18 0698-7164 R: fxd met flm 17.273 ohms +/-0.25% 1/8 W 01295 mic55D 


S4N Model 0544 Sectivi VI 


Table 6-1 Replaceable Parts (Cont'd) 


A4 (Cont'd) 


Rig 0698-7169 
R20 0698-7162 
R21,R22 0698-7163 
R23 0698-7162 


R- fxd met {Im 36.550 ohms +/0.1°% 1/8 W MF-1/10-32 
R: fxd met flm 239.86 ohms +/-0.1% 1/8 W MF-1/10-32 
R° fxd met flm 2008 1 ohms +/.0.1% 1/8 W MF-1/10-32 
R: fxd met flm 239 86 ahms +/-0.1% 1/8 W MF-1/10-32 


S$! 


C1A.B,C 
C2 thru C5 
C6,C7 


c8 
c9,C10 


DS 


Fl 


Jl 
J2 thru J4 


3101-0837 


5061-0735 
0160-3333 
0180-0047 


0180 2117 


2140-0015 
5040-0234 
5040-0235 


2110-0340 


1251-2357 
1250-0083 


9140-0029 


1120-0945 
1460-0256 
0340-0580 
1854-0053 
1853-0305 
0684-3331 
0766-0029 
2100-0079 


3101-0036 
00653-61901 


0150-0011 
0121-0420 
0140-0146 


0120-0420 
01400146 
0121-0420 
0160-2322 


0121-0420 
0160-0763 
0121 0420 
0160-0763 


0121-0420 
0150-0011 
0780-0294 
0160-2322 


0150-0029 
0150-0011 
0150-0029 


0698-6711 
0686-1545 


Switch: pushbutton 


CHASSIS MOUNTED COMPONENTS 
AND ASSEMBLIES 


Tuner assembly 
C: fxd cer 5000 pF +/-20%, 3000 vdew 
C: fxd Al 500 uF 75 vdew 


Not assigned 
C: fxd Al 4000 uF +75% -10° 3 vdew 


Neon. NE-2H 
Pilot light: jewel 
Pilot light. base 


Fuse. 0.4 amp S.B.250V 


Receptacie: power 3 pin 
Jack: BNC 


Not assigned 
Coil’ 100 uH 2.6 ohins 


m. meter 

Spring: compression 

Insul Xs Mtg 

Tstr: Si NPN, 2N3G55 

Tstr: Si PNP, 2N5875 

R- fxd comp 33 kilohms +/-10%s 1/4 W 
R: fxd met oxide 10 ohins #/-25% 3 W 
R: var 250 ohms +/-10% 2.25 W 


Switch: power 
Switch assembly: range 
fxd Ti02 1.5 pF +/-20% 500 vdew 


var 2-10 pF Teflon dielectric 
‘fxd mica 82 pF +/-5% 


aan 


var 2-10 pF 
fxd mica 82 pF +/-5% 
var 2 10 pF 
fxd mica 18 pF +/-5% 


var 2-10 pF 
fxd mica 5 pF +/-10% 
var 2-10 pF 
fxd mica 5 pF +/-10%. 


NAAN aaNNnD 


var 2-10 pF 

fxd TiO2 1.5 pF +/-20% 500 vdew 
fxd Ta 390 uF +/-20% 10 vdew 
fxd mica 18 pF +/-5% 


agaaaNNMD 


fxd Ti02 | pF 47-10% 500 vdew 
fxd Ti02 1.5 pF +/-20% 500 vdew 
: fxd Tid 1pF +/-10% 500 vdew 


Q00 


‘fxd met flm 12 megohms +/-1% 1/2 W 
- fxd comp 150 kilohms +/-5% 1/2 W 


Series PBI5 


D32443 DFP 


(39D)D46446-DSB 
Bulb T-2 


MOL 4/10 


EAC 301 
28JR-130-) 


3100-15-10 
07760 


2N5875 
C8333) 
FP-3 

Type J 


8928D61 


Type GA 
5640/10 
RDOM15D820J53S 


5640/10 
RDM15E820J3S 
5640/10 
ROM15C180J 1S 


5640/10 
ROMTS5COSOK5S 
5640/10 
RDMIS5COSOK5S 


5640/10 
Type GA 


obd 


109D397X0010T2DYP 


ROMI5C 180J1S 


Type GA 
Type GA 
Type GA 


M12 
EB1545 


obd 
obd 
obd 


obd 


0698-6702 : fxd met flm 1.24 megohms +/-0.25% 1/2 W MFF 1/2 T-O obd 


0698-6722 : fxd met flm 124 kilohms +/-0.1% 1/8 W MF-1/10-32 
0698-6707 . fxd met flm 12.4 kilohms +/-0.25% 1/8 W MF-1/10-32 obd 
0698-6706 fxd met flm 1.24 kilahms +/-0,25% 1/8 W MF-1/10-32 


0698-4408 fxd met flm 124 ohms +/-1% 1/8 W MF-1/10-32 obd 
Not assigned 

0698-6713 R: fxd met flm 24.3 megohms +/-1% 1/2 W M12 obd 

0686-1855 R. fxd comp 1.8 megaohms +/-5% 1/2 W £B1855 


Section Vd Model OS4A 


Table 6-1, Replaceable Parts (Cont'd) 


REFERENCE 
DESIGNATOR 


$2 (Cont'd) 
RI 


0698 6857 R: fxd met flm 2.61 meygohms +/-0.25% 1/2 W M12D 


R12 0698-6821 R° fxd met flm 261 kilohms +/-0.25%. 1/8 W MF-1/10-32 obd 
R13 0698-6822 R. fxd met flm 26.1 kilohins +/-0.252. 1/8 W MF-1/10-32 obd 
Ri4 0698-6823 R: fxd met flm 2.61 kilohms +/-0.25% 1/8 W MF-1/10-32 obd 


MF-1/10-32 


R: fxd inet flm 274 ohms +/-1% 1/8 W 
Not assigned 
R: fxd met flm 1000 ohms +/-1% 


R15 0757-0409 
RI 


R17 


0575-0280 1/8 W MF-1/10-32 obd 


00653-01202 Bracket’ switch 


3101 1234 Switch: slide 115/230V V1A-1242A 


00654-63401 Assembly: attenuator 


MF-1/10-32 
CEA obd 
MF-1/10-32 


: fxd met flm 362.6 ohms +/-0.25% 1/8 W 
fxd met fim 21.84 ohms +/-0.25% 1/8 W 
: fxd met fm 362 6 ohms +/.0 25% 1/8 W 


0698-6812 
0698-6813 
0698-6812 


a>wD 


0698-6813 R- fxd met flim 21.84 ohms +/-0.25% 1/8 W CEA 

0698-6812 R. fxd met flim 362.6 ohms +/-0 25% 1/8 W MF-1/10-32 obd 
0698-6804 R- fxd met flm 540.9 ohms +/-0.25%5 1/8 W MF-1/10-32 obd 
0698-6803 R- fxd met flm 14.40 ohms +/-0 25% 1/8 W MF-1/10-32 


MF-1/10-32 
MF-t/10-32 obd 
M11D 


: fxd met fim 540.9 ohms +/ 0.25%) 1/8 W 
fxd met flm 1078 ohms +/-0.25% 1/8 W 
> fxd met flm 7.154 ohms +/-0.5%5 1/8 W 


0698-6804 
0698-6805 
0698-6827 


awa» 


0698-6805 R. fxd met fim 1078 ohins +/.0 25% 1/8 W MF-1/10-32 

0698-6810 R: {xd met flm 66.05 ohms +/-0.25° 18 W MF-1/10-32 obd 

0698-6811 R. fxd met fim 979.3 ohms +/.0.25%) 1/8 W MF-1/10-32 obd 
R15,R16 0698-6810 R. fxd met fim 66.05 ohms +/-0.25° 1/8 W MF-1/10-32 
Ri7 0698-6811 R: fxd met flm 979.3 ohms +/-0.25% 1/8 W MF-1/10-32 obd 
R18 0698-6810 R: fxd met flm 66.05 ohms +/.0.25% 1/8 W MF-1/10-32 obd 
R19 0698-6808 R: fxd met flm 75 78 ohms +/-0.25%: 1/8 W MF-1/10-32 obd 
R20 0698-6809 R fxd met fim 306.9 ohms +/-0.25%. 1/8 W MF-1/10-32 


R21 0698-6808 R. fxd met fim 75 78 ohms +/-0.25°) 1/8 W MF-1/10-32 
R22 0698-6806 R: fxd met flm 119.3 ohms #/-0.25% 1/8 W MF-1/10-32 obd 
R23 0698-6807 R: fxd met flm 88.23 ohins +/-0.25. 1/8 W MF-1/10-32 obd 
R24 0698-6806 R fxd met flm 119.3 ohms +/.0.25% 1/8 W MF-1/10-32 


MF-1/10-32 obd 
CEA obd 
MF-1/10-32 


. fxd met flm 362.6 ohms +/-0.25%5 1/8 W 
: fxd met flin 21.84 ohms +/-0.25% 1/8 W 
~ fxd met flm 362.6 ohms +/-0.25% 1/8 W 


0698-6812 
0698-6813 
0698-6812 


R25 
R26 
R27,R28 


awD 


CEA obd 
MF-1/10-32 obd 
MF-1/10-32 


- fxd met flm 21.84 ohms #/0.25%4 1/8 W 
: fxd met flm 362.6 ohms */-0.25% 1/8 W 
: fxd met flm 540.9 ohms + /-0.25%. 1/8 W 


0698-6813 
0698-6812 
0698-6804 


R29 
R30 
R31 


a>wmD 


R32 0698-6803 R: fxd met flm 14.40 ohms +/-0.257, 1/8 W MF-1/10-32 

R33 0698-6804 R- fxd met flm 640.9 ohms + /-0.25% 1/8 W MF-1/10-32 obd 
R34 0698-6805 R: fxd met flm 1078 ohms +/.0.25% 1/8 W MF-1/30-32 obd 
R35 0698-6827 R: fxd met flm 7.154 ohms +/-0.5%6 1/8 W M110 


MF-1/10-32 


R36 0698-6805 R: fxd met flm 1078 ohms +/-0.25%% 1/8 W 

R37 0698-6810 R fxd met flm 66.05 ohins +/-0 25% 1/8 W MF-1/10-32 obd 
R38 0698-6811 R: fxd met fm 979.3 ohms +/-0.25% 1/8 W MF-1/10-32 obd 
R39, 0698-6810 R: fxd met flm 66.05 ohms +/-0.25% 1/8 W MF-1/10-32 


R41 0698 6811 R° fxd met flm 979.3 ohins +/-0.25% 1/8 W MF-1/10-32 obd 
R42 0698-6810 R: fxd met flm 66.05 ohms +/-0.25% 1/8 W MF-1/10-32 obd 
R43 0698-6808 R_ fxd met flm 75.78 ohms +/-0.25% 1/8 W MF-1/10-32 obd 
R44 0698-6809 R fxd met flm 306 9 ohms +/-0.25% 1/8 W MF-1/10-32 


R46 0698-6808 R: fxd met fim 75.78 ohms +/-0.25% 1/8 W MF-1/10-32 obd 
R46 0698-6806 R° fxd met flm 119.3 ohms +/-0.25% 1/8 W MF-1/10-32 obd 
R47 0698-6807 R: fxd met flm 88.23 ohms +/-0.25% 1/8 W MF-1/10-32 obd 
R48 0698-6806 R: fxd met flm 119.3 ahms +/-0.25% 1/8 W MF-1/10-32 


9100-3239 Transformer 


KH-4147 


8120-1348 Cord. power 


6-9 


UNCIRCLED 
NUMBERS COORDINATE WITH 
MP NUMBERS ON PAGE 6-11 


@) 


LOLI 


Figure 6-1. Frequency Tuning Mechanism 
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654A -B-1867 


ATTACHING HARDWARE 


-hp- PART NO. DESCRIPTION 


3030-0022 Screw: Set, 6-32 x 1/8 in. long 
3030-0001 Screw: Set, 8-32 x 3/16 in. long 
3030-0004 Screw: Set, 8-32 x 1 in. long 


3050-0180 Washer: .270 ID x .375 OD 


0510-0054 Ring Retaining: .25 OD SHAFT 


VPs9 |ePOW 


IA YO19ag 


Section VI Mode! 654A 


TOP VIEW BOTTOM VIEW 


NUMBERS COORDINATE WITH 
MP NUMBERS ON PAGE 6-I0 


Figure 6-2. Chassis Mechanical Parts 


»54A 


Model 644A 


REFERENCE 
DESIGNATOR 


Section VI 


Table 6-1. Replaceable Parts (Cont'd) 


-hp- 
PART NO. | fre) DESCRIPTION MFR. PART NO 


MECHANICAL PARTS 


1500-0253 Yoke-Flex: coupler 
1500-0004 Yoke 

5060-0021 Gear: assy 
1460-0114 Wisefarm 


5060-0020 Gear ass’y 
5020-0233 Collar 

5020-0348 Shaft 

5020-0641 Gear’ spur ass’y shaft 


5020-0639 Casting: Cap drive ass'y 
5000-0637 Spring’ thrust 
5020-0630 Dial: hub 

5040-0607 Disc. vernier drive 


00653-00102 Deck. capacitor 


00653-00101 Deck~ main -hp- 
0340-0580 Insulator: TSTR 293011 


00653-01205 Bracket: attenuator mount 

00653-05502 Shield attenuator -hp- 

0360-1507 Insulator. feedthrough 4242-10119 
1400-0084 Halder’ fuse 342014 


00651-05503 Shield filter 
00653-04101 Cover. plate 
00651-05501 Shield: power 
00651-04001 Dial 


0370-0160 Knob: dial 
61B-40D-4 Plate: freq. dial 
5040-5158 Indicatar’ dial 
0370-0025 Knob-Freq: vernier 


0370-0112 Knob-Bar’ black 
0370-0026 Knob’ amp 
4040-0297 Bezel. meter 
0370-0440 Knob: pushbutton 


00653-47401 Knob. attenuator outer 
00653-67401 Knob: attenuator inner -hp- 
1250-0901 Connector: RF 1104/D 


00654-05501 Shield. output 


00653-05501 Shield S.W 

5060 8587 Cover ass'y: top 

2370-0013 Attaching hardware: screw, machine 
0150-0075 Attaching hardware: nut, sheet metal 


00653-00204 Panel: rear 

5060-0731 Frame ass'y 

5060-8737 Retainer 5H handle ass’y 
00654-00202 Panel. front 


5060-0767 Foot ass'y: FM 
1490-0030 Stand: tilt 
5000-0051 Trim. fluted Al plate 
5060-0222 Handle ass‘y. 5H side 


5060-8711 Cover ass‘y: bottam 
2370-0013 Attaching hardware’ screw, machine 
0150-0075 Attaching hardware: nut, sheet metal 


5000-8599 Cover: side front 
2370 0016 Attaching hardware: screw, machine 


5000-8597 Cover: side rear 
2370-0016 Attaching hardware: screw, machine 


00653-01206 Bracket. attenuator 


“ted 
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Table 6-1. Replaceable Parts (Cont'd) 


Model 654A 


REFERENCE -hp- 
DESIGNATOR PART NO. | re) capitan [mer | iced iaaetae 
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00653-61602 
00653-61601 
00651-61604 


5060-8740 


5000-7133 
5000-7126 
5000-7134 
5000-7136 
5000-7136 


00654-90003 
1205-0033 


5040-0234 
5040-0235 


MISCELLANEOUS 


Cable: attenuator input 
Cable: attenuator output 
Cable: power 


Kit; rack mount, 5H 


Label: pushbutton 50 ohms 
Label: pushbutton 75 ohms 
Label: pushbutton 135 ohms 
Label: pushbutton 150 ohms 
Label. pushbutton 600 ohms 


Manual: operating and service 
Heat sink semiconductor for A204-06, A20Q18-021 and A3Q9 


Holder. lamp 
Base: lampholder 


207-CB 


el 654A Model 654A 
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SECTION VII 
CIRCUIT DIAGRAMS 


7-1. INTRODUCTION. 

7-2. This section contains circuit diagrams to aid in the 
Operation and maintenance of the Model 654A. Figure 7-| 
is a functional circuit diagram which shows the overall 
relationship between the basic circuits of the instrument. 
Figures 7-2 through 7-5 contain the detailed schematic 
diagrams as well as component location drawings of each 


7-3. General 


schematic notes, 
schematic diagrams, are listed on Page 7-2. 


REFERENCE DESIGNATIONS 


- 


JACK XA2 1S MOUNTED ON 
CHASSIS OR ANOTHER ASSEMBLY 


PI IS NOT MOUNTED 
ON A2 ASSEMBLY 
(COMPLETE DESIGNATOR IS Pi) 


ASSEMBLY ASSEMBLY 
REFERENCE ASSEMBLY PART NUMBER 
DESIGNATION NAME (INCLUDES A2A! SUBASSEMBLY) 
p—ha hy _ Na 


PLUG PI 1S MOUNTED ON ASSEMBLY OR IS P. 
BOF THE ASSEMBLY BOARD (COMPLETE OESIGNATOR 1S A2PI) 


Section VII 


printed circuit board and the rotary switches. 


which apply to all the 


7-4, An explanation of terms and symbols used on the 
schematic diagrams is given below. 


DENOTES SIGNAL 
CONNECTION 


? 


! 
2 if 
| R3 TEST VOLTAGE ns | 
1 +2092V +35 pe 
' PV COMPLETE DESIGNATOR IS A2R4 ( ) 
| SUBASSEMBLY OF A2 
4 (COMPLETE DESIGNATOR !S A2Al) 


, inoicates — AI _ = 
PIN) OF XACANDHPL ‘cain Osc 


DENOTES he HEMATIC 
4 ape” CONNECTION 


WIRE COLOR: COLOR CODE IS THE SAME 


AS THE RESISTOR COLOR CODE. FIRST EYELET OR STANO- 


Y OR MAY 


NUMBER INDICATES BASE COLOR, SECOND | OFF TERMINAL, MAY OR 
NUMBER INDENTIFIES WIDER STRIP, AND , MAY NOT BE NUMBERED (pom _ | NOT BE NUMBERED 
THE THIRD INDICATES THE NARROWER Pig - rN 


18 6 
ai Px 
| ’ MALE STANDOFF | FEMALE PIN 
PIN CONNECTOR CONNECTOR ON 


a 


A WHT/REO WIRE 


fe 


STRIP, (924, DENOTES WHT/RED/YEL WIRE) | 8 


PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITH ASSEMBLY OR SUBASSEMBLY 


DESIGNATION(S) OR BOTH FOR COMPLETE DESIGNATION 


STO-B-2192 


& Se = ——— — — 
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SCHEMATIC NOTES 


. PARTIAL REFERENCE DESIGNATIONS ARE SHOWN, PREFIX WITH ASSEMBLY 
OR SUBASSEMBLY DESIGNATION(S) OR BOTH FOR COMPLETE DESIGNATION. 


ts 


. COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS OTHERWISE NOTED. 
RESISTANCE IN OHMS 
CAPACITANCE IN MICROFARADS 


INDUCTANCE IN MICROHENRYS 


3. re sa eeemmermnmnes weaves eres ENOTES ASSEMBLY. 


DENOTES MAIN SIGNAL PATI 


S. DENOTES DC FEEDBACK PATH. 


6. DENOTES AC FEEDBACK PATH. 


7, [~~] DENOTES FRONT PANEL MARKING. 

8. [7 TUT DENOTES REAR PANEL MARKING. 

9. = DENOTES SCREWDRIVER ADJUST. @) 
10.) DENOTES FRONT PANEL CONTROL. 

It. DENOTES POWER LINE GROUND 

12. LL DENOTES FRAME GROUND. 

13.ch DENOTES ASSEMBLY GROUND. 


14.% AVERAGE VALUE SHOWN, OPTIMUM VALUE SELECTED AT FACTORY. 
COMPONENT MAY OR MAY NOT BE PRESENT 


te. DENOTES GROUND CONNECTION MADE WITH ASSLMBLY MOUNT- 
{ING SCREWS IN PLACE 


16. 2] DENOTES SIGNAL CONNECTION 


17. 2 DENOTES SCHEMATIC ON WHICH SIGNAL CONNECTION IS MADF. 


1s —s | DENOTES COMPONENTS NOT MOUNTED ON ASSEMBLY. 


L__ 


OUTPUT LEVE| 


(FREGUENGY] [Rance] 


O C) 


O 


33 
AG a 
P/O A2 UNBALAN 
£\_ gus BALANCED |MPEDANC ua 
¥; AMPL SWITCH las 
Ned 
Az A _. ; 
R44 v SA ae 
Leesa 
A2 
R51 
AUTOMATIC LEVELING CIRCUITS (ALC) ———--——-|---—4 
A3 | é 
ci0 -NOTES- 
_ Ames ; 
P/O A | fe Numbers the 8 x 
REGULATED | /0 AS indica 
PYO A’ METER whe 
AVERARE +— Sneha 2. See Paragraph 5-70 fo 
AMPLITUDE DETECTOR REFERENCE Troubleshaating wnformation 
CONTROL 
INTEGRATOR 


; 
i [eee | Vv | 
| | 
a2 Ms, ! 
Dsvi| “i an | AMPLITUDE | | 
ni P/O Al © 
a5 == =F J P/O a2 | 
| a P/O AS 

V V AMPLITUDE | 
CURRENT \ 

Ane tea REFERENCE 
| 
| 
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—R24— —c9— 


— 
R19} —R25— 


—#30~— 


—RI8B— 


—RIS— 


—CRa— ; 
) —RI4@— —Ri2— tooo 


~crs— CRT —CRE— 
—R22— —CIO— 


—CRI— —R6E-@ 
=CRIO— —RI— 
—CR3—- 


—ci3— 
—R3I— ——ca— 


—R20— 


654A-B-1820a 


SHADED AREA SHOWN ON i A2 
SCHEMATIC NO. 2 p Part hes apeet- neste 
ev. 


A2 ASSEMBLY 
COMPONENT LOCATIONS 


ine T 
Qa Cc CR c R C R R 
MW A7 26 C7 4} CS 56 B7 71 C8 86 DS 
es A8 27 D7 42 BS Sy A8 72 D8 87 DS 
$3 B7 AB 2s C8 43 C6 58 B8 pe) D8 88 DS 
\4 B8 B? 29 D& 44 A6 CS $9 B8 74 b7 89 DS 
1S B7 A6 Bo 30 D9 45 AT C4 60 C7 7S b8 90 DS 
16 BS A8 B6 31 D9 46 AT D4 61 B6 76 D7 91 Al 
17 B8 A7 B9 Be D8 47 AT 62 B9 77 D8 
18 C7 Ad B9 33 D9 48 AT 63 B7 78 co 
19 D7 B8 D9 34 A8& 49 A8 64 C7 719 Cy 
20 C8 C6 C8 35 AT 50 A8 65 B7 80 aS 
2) Ds B6 Cs 36 B9 3} A6 66 C8 81 D6 
22 co c8 C5 37 “+ 52 ++: 67 B8 82 D6 
23 cg B7 C6 38 D6 53 Ag 68 Cc? 83 DS 
24 DS B7 39 “ss 54 Ag 69 D7 84 D6 
25 L DS B9 40 CS $$ B7 70 cs 85 D6 


P/O Figure 7-2. Oscillator and Buffer Amplifier 


S4A 


RANGE SWITCH 


: 18% 
7 S2 
y Ap Port No. 00653-6190! 


A2 SCHEMATIC 
COMPONENT LOCATIONS 
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=¢35- ~c34- 
—R48— —R50—/, 
2 
—Ra4— —rae——cris— 2) —R54— 
{ TES") —R45— —RaG— —R53— 
rao. -CI7- -CI6~ —cie— 
Ghee =£= —R47— —RS7— 
ie | —R55— —R58— (> 
25 if —rse— —r59— \0!4)_o36_ 
ELE —cRI4— -ci9- 
Nae -c2i— —RE3— —RE7— 7 ees 
ne =R61—(215) -C23- {qig) ~CRIS— 
it -CRI6- —R65—(217) N -CRI7T— 
ee —cris— ~C24- —C25— 
—Cc20- —R6C—— —RE66— 


—R64— -c22- 
—R79— -—CR20- _ Q23 
a3) _Rea— —ari— | ~ 
aered= -C26- -c28~ Q22 


=R74= sn 7 5 
C 


—R69— —R72— 
=ipao= -C27- ~C29- 16 
e e 


SHADED AREA SHOWN ON A2 
SCHEMATIC NO. 1 hp Part Noe 00654-66502 

Rev.A 

A2 ASSEMBLY 


COMPONENT LOCATIONS 


P/O Figure 7-3. Balanced Amplifier, Meter and Leveling 


Model 654A 


hp Part Noe 00654-66503 


NOTES 
OC LEVELS WERE OBSERVED UNDER THE FOLLOWING CONDI- 
TIONS: 
A. 654A. 
RANGE — X10K 
DIAL -1 


IMPEDANCE —75 UNBAL 
OUTPUT LEVEL —+ 10 dBm 
AMPLITUDE~SET FOR 0 ON METER. 


- ALL VOLTAGES +/-10%. 
. VOLTAGES WERE TAKEN WITH AN -HP- MODEL 3440A 


DIGITAL VOLTMETER HAVING A 3443A PLUG-IN. HOWEVER, 
ANY DC VOLTMETER WITH APPROXIMATELY 10 MEGOHMS 
INPUT IMPEDANCE WILL YIELD ABOUT THE SAME RESULTS. 


A2 SCHEMATIC 
COMPONENT LOCATIONS 


4] 


56 


R 


HS 71 86 


it 
| BH HY 
; Ay ae 


ATTENUATOR 


S4 
hp Part No. 00654-6340! 


NOTES 


DC LEVELS WERE OBSERVED UNDER THE FOLLOWING CDNDI- 
TIONS: 


A. 654A. 
RANGE — X10K 
DIAL -1 


IMPEDANCE -75 UNBAL 
OUTPUT LEVEL—+ 10 dBm 
AMPLITUDE-—SET FOR 0 ON METER. 


wo 


. ALL VOLTAGES +/-10%. 


oO 


. VOLTAGES WERE TAKEN WITH AN -HP- MODEL 3440A 
DIGITAL VOLTMETER HAVING A 3443A PLUG-IN. HOWEVER, 
ANY DC VOLTMETER WITH APPROXIMATELY 10 MEGOHMS 
INPUT IMPEDANCE WILL YIELD ABOUT THE SAME RESULTS. 


65448-6-1784 


A4 
hp Part No. 00654-66504 


é 6 


Q& 


NC we 


—RIS— 
—RI8— 


—Rqz— RIB - 


—CR26— 


(961,971, 96, S 92) 913, & 4 
hp Part No. 00653-66507 
Rev. A 
NOTES 

OC LEVELS WERE OBSERVED UNDER THE FOLLOWING CONDI- 
TIONS: 
A. 654A. 

RANGE — X10K 

OIAL = 1 


IMPEDANCE -75 UNBAL 
OUTPUT LEVEL —+ 10 dBm 
AMPLITUOE-SET FOR 0 ON METER. 


8. ALL VOLTAGES +/-10%. 


C. VOLTAGES WERE TAKEN WITH AN-HP- MODEL 3440A 
OIGITAL VOLTMETER HAVING A 3443A PLUG-IN. HOWEVER, 
ANY OC VOLTMETER WITH APPROXIMATELY 10 MEGOHMS 
INPUT IMPEDANCE WILL YIELD ABOUT THE SAME RESULTS. 


i! 

= 
roms) 
1 ot 


—cR4— 
—CR2— 


—CR6E— 
—CRS— 


654-8-4424 


POWER SUPPLY a 
0 00653-66507 
R43 


J 
i CR 
+ 
| RIC | 
| 3.6K NC 
1 
98 cis Ru 
128, & 05 23.3K 
B sR40 
| 1K 
{ RI2 
| 5.76K 


LINE 
FPrrivter 


L2 
100 0.4A 


COPYRIGHT 1975 BY HEWLETT-PACKARD COMPANY 653-0~4423_ 
NOTES 
DC LEVELS WERE OBSERVED UNDER THE FOLLOWING CONDI- 
TIONS: 
A. 654A. 
RANGE — X10K 
DIAL -1 


IMPEDANCE -75 UNBAL 
MUTPLIT F EVEL —+ 1M dRra 


Code 
No. 


00000 
00136 
00213 
00287 
00334 
00348 
00373 
00656 
00779 
00781 
00809 
00815 


00853 


00866 
00891 
00929 
01002 


01009 
01121 
01255 
01281 
01295 


01349 
01538 
01589 
01670 
01930 
01960 
02114 


02116 
02286 
02660 


02735 


02771 


02777 
02875 
03296 
03508 


03705 
03797 
03818 
03877 
03888 


03954 
04009 


04013 
04062 
04217 
04222 
04354 
04404 


04651 


04673 
04713 


04732 
04773 
04796 
04811 
04870 
04919 
05006 


05277 


CODE LIST OF MANUFACTURERS 


q) 


The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1 (Name te Code) and H4-2 (Code 
to Name) and their latest supplements. The date of revision and the date of the supplements used appear at the bottom of each page. Alpha- 
betical codes have been arbitrarily assigned to suppliers nol appearing in the H4 Handbooks. 


Manufacturer Address 


U.S.A Common....... Any Supplier of U.S. 
McCoy Electronics. . Mount Holly Springs, Pa. 
Sage Electronics Corp .-.. Rochester, N.Y. 


Cemeo;, Ines, 2 22s suis es Danielson, Conn. 
Huintidial, «cs se eee aw - Colton, Calif. 
Mictron, Co., Inc.....- Valley Stream, N.Y. 
Garlock Ine. sisi e ce ese Cherry Hill, N.J. 
Aerovox Corp... - New Bedford, Mass. 
Amp.Inc. ... +++... Harrisburg, Pa 
Aircraft Radio Corp sas ae e - Boonton, N.J. 
Croven, Lid........ Whitby, Ontario, Canada 
Northern Engineering 

Laboratories, Inc......... Burlington, Wis. 
Sangamo Electric Co. , 

PickenSDIVs. asia sas aa ne es Pickens, S.C 
Goe Engineering Co..... City of Industry, Cal. 
Carl E. Holmes Corp...... Los Angeles, Cal. 
Microlab Inc... - 0. sees Livingston, N.J . 
General Electric Co. , 

Capacitor Dept......... Hudson Falls, N.Y, 
Alden Products Co. ‘ Brockton, Mass 
Allen Bradley Co.....--.... Milwaukee,Wis 
Litton Industries, Inc.. ... Beverly Hills, Cal. 


TRW Semiconductors, Inc... - 
Texas Instruments, Inc. , 

Transistor Products Div...... Dallas, Texas 
The Alhance Mfg. Co Alliance Ohio 
Smal) Parts Inc. ....-.. Los Angeles, Cal 
Pacific Relays, Inc.... . - Van Nuys, Cal. 
Gudebrod Bros. Silk Co... -New York, N.Y, 
Amerock Corp. - Rockford, M1. 


Lawndale, Cal. 


Pulse Engineering Co..... Santa Clara, Cal 
Ferroxcube Corp. of 
Ayneriea <iss55 c5re Ka aod Saugerties, N.Y. 


Wheelock Signals ,Inc.. - Long Branch, N J. 

Cole Rubber and Plastics Inc . .Sunnyvale, Cal. 
Amphenol-Borg Electronics 
Core. wagags se 

Radio Corp. of America, Semi- 
conductor and Materials 


-Broadview, Nl 


DIVISION: 33: co 2 4 a vores -Somerville, N.J. 
Vocaline Co. of America, 
Inci. ¢44 8a ek Old Saybrook, Conn. 


Hopkins EngineeringCo. . . San Fernando, Cal. 
Hudson Tool & Die. -Newark,N J. 
Nylon Molding Corp. . - Springfield. NJ. 
G. E. Semicorductor Prod. 

Dept. ....- re: 
Apex Machine. & Tool Co. 
Eldema Corp. ..... és 
Parker Seat Co.....-... 
Transitron Electric Corp. 
Pyrofilm Resistor Co. , 


Syracuse, N Y 
. Dayton, Ohio 
. Compton, Calif 
.Los Angeles, Cal. 
. Wakefield, Mass. 


TRG. wie Mae 2x re -Cedar Knolls, N.J 
Singer Co. , Diehl Div. , 

Finderne Plant........ Sumerville, N.J. 
Arrow, Hart and Hegeman 

BLEU, CGi:6. 65 cas - Hartford, Conn 


Taruus Corp . Lambertville, N J. 
Arco Electronic fne..- . . Great Neck, NY. 
Essex Wire. «-. cee ens Los Angeles, Cal. 
Hi-Q Division of Aerovox. Myrtle Beach, § C. 
Precision Paper Tube Co,... . Wheeling, ML 
Palo Alto Division of Hewlett- 
Packard Co. 2 
Sytvania Electric Products, 
Microwave Device Div. . .Mountain View, Cal 


-Palo Alto, Cal 


Dakota Engr.Inc........ Culver City, Cal 
Motorola Inc. Semiconductor 

Brod: (Divi: vues es « . Phoenix. Arizona 
Filtron Co. ,Inc Western 

Div. . .. . Culver City, Cal. 


i . Northlake, HL. 
. Redwood City, Cal. 
. El Monte, Cal. 
. Westchester, UL 


Automatic Electric Co. 
Sequoia Wire Co, 
Precision Coil Spring Co 
P.M. Motor Company... . 
Component Mfg. Service 
Co. . W. Bridgewater, Mass 
Tw enuethn Cenmury Plasucs, 
TAGs 5c ee eee a ses 
Westinghou: se ‘Electric Gorn 
Semiconductur Dept. 


Los Angeles, Cal 


Youngwood, Pa. 


00015-49 
Revised: May, 1970 


Code 
No 


05347 
05397 


05574 
05593 
05616 


05624 
057238 


05729 
05783 
05820 
06004 


06090 
06175 


06402 
06540 
06555 


06666 
06751 
06812 
06980 
07088 
07126 
07137 


07138 


07149 
07233 
07256 
07261 
07263 


07322 
07387 
07397 


07700 


07829 
07910 
07933 


07980 


08145 
08289 
08358 


08524 
Os8ee4 
Oa717 
08718 


08727 
08792 


08806 


S984 
09026 
09097 
09134 
09145 


10411 
10646 


Manufacturer Address 


Ultronix, Inc. 


as .San Mateo, Cal. 
Union Carbine SPEBin Elect. 


oj ar . . -New York, N.Y. 
Viking Ind Inc . ...... Canoga Park, Cal. 
Icore Electro- Plastics Inc... .. . Sunnyvale, Cal. 
Cosmo Plastic (¢ o Electrical 


Spec. Co.) Cleveland, Ohio 
Barber ColmanCo. . ....... Rockford, Il. 
PALIRMOPI CA. csc a em ae 

...» Roslyn Heights. "Long ‘Island, NY. 
Metro- Tel GORD is aay 6 8 5 Ger ts Westbury, N.Y 
Stewart Engineering Co Santa Cruz, Cal. 
Wakefield Engineering Inc... . .Wakefield, Mass. 
Bassick Co. , Div. of Stewart 

Warner Corp. . a green ad 0s Bridgeport, Conn. 
Raychem Corp. . Pe . Redwood City, Cal. 
Bausch and Lomb Optical 


a ...  »Rochester, N Y. 
E.T.A. Products Co. of 

America “re . Chicago, Ill. 
Amatom Electronic Hardware 

Co. , Inc. . New Rochelle, N_ Y. 
Becde Electrical Instrument 

Co... Inc. Penacook, N.H. 


Gene ral Devices Co. ,Inc 
Components Inc. vAriz Div... 
Torrington Mfg.Co ,West Div 
Varian Assoc Etmac Div. 
Kelvin Electric Co. . 


Indianapolis, Ind 
Phoenix, Arizona 
. Van Nuys, Cal 
- San Carlos, Cal. 
Van Nuys, Cal 


Digitran Co. Pasadena. Cal. 
Transistor Electronics 
Corp.. ...Minneapolis, Minn. 


Westinghouse Electric 
Corp. ,Electronic Tube Div. ,... Elmira, N Y¥ 
Filmohm Corp. ... New York, N Y¥ 
Cinch-Grapmk Co . City of Industry, Cal. 
Silicon Transistor Corp... Carle Place, N.Y. 
Avnet Corp,. .. .., Culver City, Cal. 
Fairchild Camera & Inst Corp . 
Semiconductor Diy... Mountain View, Cal, 
Minnesota Rubber Co Minneapolis. Minn. 
Birtche: Corp, The -Monterey Park. Cal. 
Sylvama Elect. Prod. Inc.. 
Mt. View Operations . 
Technical Wire Products 
Inc. ‘ oar Cranford, N J. 
Bodine Ele. CEO: a xoks 2 Chicago, Il. 
Continental Device Corp... . . . Hawthorne. Cal. 
Raytheo. Mix . Semi- 
conductor Div. Mountain View, Cal 
Hewlett-Packard Cy , 
New Jersey Division - 
U.S) Engineering © 
Blinn, Delbert Co 
Burgess Baltery Co. . e 
. Niagara Falls, Ontario, Canada 

Deutsch Fastener Corp Los Angeles, Cal. 
Bristol Co. , The Waterbury, Conn 
Sloan Company ji Sun Valley, Cal. 
TT Cannon Electric Inc, 
Phoemx Div... . . 
National Radic Lab Inc. 
CBS Electromes Semiconductor 
Operations, Div. of CBS Inc... . Lowell, Mass 
General Electric Co. , 
M-niature Lamp Dept 
Mel-Pain |. 
Babcock Relays D: hoe - 
Electronic Enclosures tic on 
Texas Capacitor Co 
Tech, Ind, Inc. Atohm 

Elect is ++... Burbank, Cal. 
Elee tro Assemblies, ‘ty wc . Chicago, Ill. 
C & K Components In 5 .Newton. Mass. 
Mallory Battery Co of 

Canada, Ltd... . Toronta, Ontario, Canada 
Per Ivana Florocarbon Clifton Heights, Penn. 
Burndy Corp, ror . Norwalk, Conn 
General Transistor Western 

Corp. . . f Los Angeles. Cal, 
Ti-Tal.ine.. “ Berkeley, Cal, 
Carburundum: Co... Niawara Falls. NY. 


. Mountain View, Cal 


Rockaway. N J 
Los Angeles Cal. 
» Pomona, Cal 


Phoentx, Arizona 
. Paramus, N.J. 


Cleveland. Ohio 
JAndianapolys, Ind 
Costa Mesa, Cal. 
* Angeles, Calif 

Houston, Texas 


Code 
No, 


11236 
11237 


11242 
11312 


11314 
11453 
11534 
11711 


VLT17 
11870 
12136 
12361 
12574 


12697 
12728 
12859 
12881 
12930 
12954 
13019 
13061 
13103 
13327 
13396 
13835 


14099 
14193 
14298 
14433 


14493 
14655 
14674 
14752 
14960 
15106 
15203 
15287 


TSd18 
16037 
16179 
16452 
16554 
16585 
16688 


16758 
17109 
17474 


5 
14583 
18612 
18873 
18911 
19315 


Manufacturer Address 


CTS of Berne, Inc. .- «. «.. Berne, Ind, 
Chicago Telephone of 

Catifornia, Inc. . So. Pasadena, Cal. 
Bay State Electromcs Corp. ... Waltham, Mass 
Telcdyne Inc. ,Microwave 

Diviiwesteesa @ 2a0a8 - - Palo Alto, Cal, 
National Seal ; -Downey, Cal, 
Precision Connector Corp. - Jamaica, N. ¥, 
Duncan Electronics Inc. - Costa Mesa, Cal, 
Genera} Instrument Corp. , 

Semiconductor Division Products 

Group . . ++. . Newark, NJ, 
(mperial Electronic, ing: Buena Park, Cal, 
Melabs, Inc. .. .« 348 Palo Alto, Cal, 
Philadelphia Handle Co. SUOREES Camden, N.J, 
Groye Mfg.Co., Inc. ..... Shady Grove, Pa, 
Gulton Ind, Inc. "Data System 
DiVisorscn + 2 

Clarostat Mfg. Co. 

Elmar Filter Corp . 

Nippon Electric Co., Ltd ... 
Metex Electromecs Corp. . 
Delta Semiconductor Inc. . 
Dickson Electronics Corp.. Scottsdale, Arizona 
Airco Supply Co., Inc. . Wilchita, Kansas 
Wileo Products .. .. . ....Detroit, Mich. 
Thermolloy . . Dallas, Texas 
Solitron Devices Inc. . Tappan, N.Y. 
Telefunken (GmbH) Hanover ,Germany 
Midlanad-Wright Div of 
Pacific Industries,Inc. ... 
Sem-Tech 
Calif. Resistor Corp . , 
American Components, Inc.. 
ITT Semiconductor, a Div of 

Int. Telephone and Telegraph 

Corperation . . . . West Palm Beach, 
Hewlett-Packard Company.... . Loveland, Colo. 


Albuquerque, N. M. 
5S AtkenEe Dover, N.H. 
. W. Haven, Conn, 

Tokyo, Japan 
. Clark, N.J. 
Newport Beach, Cal. 


Kansas City, Kansas 
.Newbury Park, Cal. 

Santa Monica, Cal. 
. Conshohocken, 


Cornell Dublier Electric Corp .. Newark, N.J. 
Corning Glass Works . Corning, N.Y. 
Electro Cube Inc. , . San Gabriel, Cal. 
Wilhams Mfg. Co . San Jose, Cal. 


|. Little Falls, N.J. 


ae Sphere Co ,Inc. 
. New York, N. Y. 


Webster Electronics Co... . 
Sciomes Corp. , .... Northridge, Cal. 
Adjustable Bushing Co . N. Hollywood, Cal. 
Micron Electronics Garden City, Long IslandN. Y. 
Amprobe [Inst Corp. Lynbreok, N.Y. 


Cabletromes . Costa Mesa, Cal. 
Twenheth Sentry: Coil 
Spring Co Santa Clara, Cal. 


Framingham, Mass. 
Mountain View. Cal. 
. Spruce Pine, N.C. 


Fenwal Elect Inc. 
Amelca Inc. r 
Spruce Pine Mica Co.... 


Omni-Spectratnc ...  . ... . Detroit, Ml. 
Computer Diode Corp. .. . ~ .. Lodi, Nd 
Electroid Co. Union, Nd. 


Boots Aircralt Nut € wp. . Pasadena, Cal 
Ideal Prec, Meter Co .Inc , 


De Jur Meter Div Brooklyn, N.Y. 


Delteo Radio Div. of G M Corp Kokomo, Ind. 
Thermonetics Inc 3 Canoga Park, Cal. 
Trane: Company .. Mountain View. Cal. 
Hamlin Metal Products Cory Akron, Ohio 


No Hollywood, Cal 
7 Sunnyvale, Cal. 
ato. Manchester. NH. 
Pacific Ine Palo Alto, Cal 
semiconductor Div. Palo Alto.Cal. 
| _ Sunnyvale, Cal. 
Ty- Car Mfg. Co, ,Inc. . Holliston, Mass- 


TRW Elect Comp Div Des Plaines, Dl. 
: Plainville, Mass. 


Angstrohm Prec. Inc 
Siliconix Inc 
Mi cba Edi 


Chomerics .. 3 

Curhs Instrume nt. Inc oe... Mt, Kisco, N.Y. 
Vishay Instruments In .. Malvern, 
E.1. DuPont and'co.. Ine. © Wilmington, Del. 
Durant Mf ..... Milwaukee, Wis 
The Bendix cn rfl “Nav igation & 

Control Dis nit _ Teterboro, NJ 


s A Edison Industries. N 
McGraw-Edison . . West Orange, 
Concra. . .. Baldwin Park. 


T 
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| oe Manufacturer Address 
o 
19644 LRC Electronics -....---.- Horseheads.N. Y. 
19701 Electra Mfz. Co - Independence , Kansas 
20183 General Atronics Corp. ....- Philadelphia, Pa. 
Mdress 21226 © Executone, Inc. Long, Island City, N.Y 
21355 Fafmic Bearing Co ,The .. New Britian, Conn. 
e, Ind. 21520 Fansteel Metallurgical Corp .N, Chicago, Il 
23020 General Reed Co. .. Metuchen, N.J, 
1, Cal. 23042 Texscan Corp. ..... .. . Indianapolis, Ind, 
Mass 23783 = British Radia Electronics Ltd. . .Washington,D.C 
24455 GE. Lamp Division. Nela Park,Cleveland, Ohio 
yi, Cal 24655 General RadioCo,. .....- West Concord, Mass 
y, Cal 24681 Memcor Inc.,Comp.Div. ...... Huntington Ind, 
N.Y. 26365 Gries Reproducer Corp. . - - New Rochelle, N.Y, 
1, Cal. 26462 Grohert File Co, of America,Inc. Carlstadt, NJ. 
26851 Compac Hollister Co. Hollister, Cal. 
26992. Hamilton Watch Co. . Lanraster, Pa. 
NI 28480 Hewlett-Packard Co . Palo Alto, Cal. 
<, Cal. 28520 Heyman Mfg.Co . .....-.. Kenlworth, N.J. 
>, Cal 30817 Instrument Specialties Co. , 
1) Nid. Inc. . -Little Falls, N J. 
e, Pa, 33173 GE Receiving Tube Dept - Owensboro, Ky. 
35434 Lectrohm Inc. ....-.~ Chicago, IH. 
N.M. 36196 Stanwyck Coil Products. 
NH REED)” Scsacsuageastare Hawkesbury, Ontario, Canada 
, Conn. 36287 Cunningham, W H. & Hill, 
Japan Ltd, ie dears . .. Toronto, Ontario, Canada 
NJ. 37942 PLR. Mallory & Co. “Inc. Indianapolis, Ind. 
Ve Cal. 39543. Mechanical Industries Prod.Co. . Akron, Ohio 
rizona 40920 Mimiature Precision Bearings,Inc. . Keene. N.H 
Kansas 40931 Honeywell Inc .. ....- Minneapolis. Minn. 
Mich. 42190) MufER:CO, oe scis acsiw 9a poe ceca Chicago. tl. 
Texas 43990 C.A.Norgren Co. Englewood, Colo. 
NY 44655 OhmiteMlg.Co ... ........- Skokie, Il 
ermany 46384 Penn Eng.&Mfg Corp. ...... Doylestown, Pa. 
47904 Polaroid Corp. P Cambridge. Mass. 
Kansas 48620 = Precision Thermometer & 
k. Cal inat..C0. «5 + Southampton, Pa 
a, Cal. 49956 Microwave & Power Tube Ow . . Waltham, Mass. 
ng 52090 Rowan Controlier Co . Westminster, Md 
ie \ | 52983 HPCo . Med. Elec. Div. .... Waltham, Mass. 
J 1 54294 = Shallcross Mfu. Co . Selma, NC, 
55026 Simpson Electric Cu. «1 - +e Chicago. tl. 
55933 Sanntene Corp e jet Elmsford, N.Y. 
55938 Raytheon Co.Commercial Apparatus 
& System Div. ....---. So. Norwalk. Conn. 
56137 Spaulding Fibre Co. . Inc. » Tonawanda, N Y. 
96289 Sprague Electric Co. . North Adams. Mass. 
58474 Superior Elect.Co =. - - - - Bristol, Conn. 
39446 Telex Corp. ....----- » Tulsa, Okla. 
59730 Thomas & Betts Co aed Elizabeth, N J 
60741 Triplett Electrical Inst. Co. . Bluffton, Ohio 
6177 Union Switch and Signa) Div. of 
Westinghouse Air Brake Co. . . Pittsburgh, Pa. 
62119 Universal Electric Co . Owosso, Mich. 
62743 Ward-Leonard Electric Co. Mt. Vernon. N.Y 
64959 Western Electric Co , Inc New York, N. ¥ 
65092 Weston Inst Inc, Weston-Newark. Newark, N.J. 
66295 Wittehk Mfg Co ....... . Chicago. I}. 
66346 Minnesota Mining & Mfg. Co. 
Revere Mincom Div, «2... St. Paul. Minn. 
70276 «Allen Mfp Co. .....- . Hartford, Conn, 
70309 = Allied Control New York, N.Y 
70318 Allmetal Screw Product Co. . Inc, 
we . Garden City, N.Y. 
10417 Amplex. Ow. ‘of ‘Chrysler Corp Detroit. Mich 
70485 = Atlantic India Rubber Works, Inc. Chicago. IW. 
70563 = =Amperite Co . Inc. . Union City. NJ. 
10674 + =ADC Products Inc. .Minneapolis. Minn 
4 Cal 70903 = =Belden Mig. Co. . . Chicago, ml 
te Cal. 70998 Baird Electric Corp . Cleveland. Ohio 
N H 71002. = Birnbach Radio Co New York. N.Y. 
to, Cal. ! 71034 = Blilev Electric Co. .Inc. . . Ene. Pa, 
to.Cal 71041 Boston Gear Works Diy of 
le.Cal | Murray Co. of Texas . Quincey, Mass. 
Mass. } 71219 Bud Radio. Inc. Se 2eeR © Willoughty, Ohio 
s, mM. 71279 Cambridge Thermionics Corp. Cambridge, Mase 
Mass. 71286 Camloc Fastener Corp, Paramus N J 
NY | 71313 Cardwell Condenser Corp 
= Pa. ites sae epee o . Lindenhurst, L f.. N.Y, 
n, Del. 71400 Bussmann Mic Div of 
fa wis McGraw-Edisan Co... ... St. Louts. Mo 
: 71436 Chicago Condenser Corp. ..... - Chicayo. IL 
wk 71447, Calif, Spring Co .Inc. 2... Pico-Rivera. Cal 
4 | 71450 CTSICOFD: sven ces +s .. Elkhart, Ind. 
s.N | 71468 =ITT Cannon Electric Inc. . Los Angeles. Cal 
Py ) T1471 Cinema. Div. Acrovox Corp. . Burbank. Cal. 
j 
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Code 
No 


71482 
71590 


71616 
T1700 
71707 
Ti744 
71785 


71984 
72136 


72619 
72656 


72699 


72765 
72825 
72928 
72962 
72964 
72982 
73061 
73076 
73138 


73293 


73445 
73506 


73559 
73586 
73682 


13734 
13743 
73793 
73846 
73899 
73905 
73957 
74276 
74455 
74861 
74868 


74970 
75042 
75263 
75378 
T5SR2 
TOB1B 
75915 
76005 
TA210 
76433 


T6487 
76493 
7F530 


76545 
76703 
T6854 
TT06R 


771075 
77221 


77252 
77342 


T1630 
77038 


T7764 
77969 
TALRO 


78277 
78283 
78290 


Manufacturer 


C.P Clare & Co 
Centraiab Div of 

Globe Union Ine. 
Commercial Plastics Co. 


. Chicago. 


Chicago, It 


Cornish Wire Co . The . New York, N.Y. 
Coto Coil Co. Ine. 22... Providence, RI 
Chicage Mimature Lump Works -Chicago, UL 
Cinch Mig. Co., 

Howard B. Jones Div. .. 2... Chicago, Il. 


Dow Corning Corp... . Midland, Mich 
Electro Motive we Co. 


ae K  Waliaraneie Conn 

Dialight Corp 

Indiana General Corp 
Electronics Div. thie 

General Instrument Corp. . 
Cap Division 

Drake Mig, Co 

Hugh H. Eby Inc. 


Harwood Heights, Til 


Gudeman Co . -Chicago, Ml. 
Elastic Stop Nut Corp. . Union, N.J 
Robert M_ Hadley Co “Las Angeles. Cal. 
Ene Technological Products. tne. Eric. Pa 
Hansen Mfg. Co, . tnr Princeton, Ind. 
H M Harper Co ‘ . Chicago, 01 
Helipot Div of Beckman Inst. . Inc 


57s 75, ita Fullerton, Cal 
Hughes Products Division of 

Hughes Aircraft Co Newport Beach. 
Amperex Elect. Co Hicksville, L.I 


Bradicy Semiconductor Corp 


Cal 


New Haven. Conn 


Carling Elertric. Inr Hartford. Cann 
Circle F Mig. Co 
George K. Garrett Co. . 


. Brooklyn, N.Y. 
. Keasby, N.J. 
Newark, N..J. 


‘i PHUBGE EDs Pa. 


aN ¥., 


. .Trenton, N J. 


Address 


Mi. 


. Milwaukee, Wis, 


Div MSL Industries. Inc... Philadelphia. Pa 
Federal Screw Products. Inc. -Chicagu. Ul. 
Fischer Special Mfg. Co. Cincinnati. Ohio 
General Industries Co.. The . . . Elyria. Ohia 


Goshen Stamping & Tool Co Goshen, Ind 


JFD Electronics Corp. 


Brooklyn. N.Y. 


Jennings Radie Mix Corp . San.tose. Cal 
Groove-Pin Carp . Ridgeheld. NJ, 
Signalite Ine ” 4 Neptune, Nt 
J.H. Winns, and Sons | Winche ster, Mass 
Industrial Condenser Corp Chrteago, Ml 
R F, Products Division of 
Amphenol-Borg Electrame Corp. 
Danbury. Conn 


E. a Johnson Co . Waseca. Minn 


International Resistanc e Co 


Philadelphia, Pa. 


Keystone Carbon Co, Inc St. Marys, Pa 
CTS Knights, Ine errr . Sandwich. Mt 
Kulka Electric Corp. ... -Mt Vernon. NY. 
Lenz Electric Mfg. Co Chicago, 1. 


Littlefuse, Inc 2... . Des Plaines. 1. 
Lord Mfg Co é ame -Eric. Pa. 
C.W Marwedel .... "San ‘Francisca, Cal 


General Instrument Corp. . 
Micamold Division . 


. Newark. N.I. 


James Millen Mfg. Co., Inc . Malden. Mass 
J Wo Miller Co ‘ Los Angeles, Cal. 
Cinch-Monadnock, Div of Umted Carr 

Pastener Corp. San Leandro, Cal. 


Mueller Electric Co . Cleveland, Ohi 
National Union ... Sie 
Oak Manufacturing Co 
The Bendix Corp . 
Electrodynamics Div. . N Hollywood, 
Pacific Metals Co San Francisco. 
Phaostran Instrument and 
Electronic Co... 
Philadelptiia Steel and 
Wire Corp... < 
American Machine ‘'& Fi ‘oundry Co, 
Potter & Brumfield Div. 
TRW Electrome Components Div. 
General Instrument Corp 


Cal 


. So Pasadena, Cal 


Princeton. Ind 
Camden, N.J 


« 


. Newark. NJ. 
Crystal Lake, I. 


Cal, 


.Philadelphia, Pa. 


Reeufier Division Brooklyn, N.Y 
Resistance Products Co Harrisburg. Pa. 
Rubhercraft Corp of Cahf. Torrance, Cal. 
Shakeprool Division of 

Minos Tool Works 7 Elgin. tM. 
Sigma. . So. Braintree, Mass 


Signal Indicator ‘Corp. New York, NY 


Struthers -Dunn Inc. 


A2 


Pitman, NJ. 


Code 
No. 


78452 
78471 
78488 
78493 
78533 
T8790 
789497 
T9136 
79142 
79251 
19727 


79963 
80031 


60033 
80120 
80131 


80207 


80223 
80248 
80294 
80411 


80486 
80509 
80583 
80640 
80813 
81030 
B1G73 
81095 
81312 


81349 
81483 
81941 
81860 


82042 
82047 


82116 
82142 


82170 


82209 
82219 


82376 
62389 
82647 


82768 
82866 
82877 
82893 
83058 


83332 
83385 
83501 


Manufacturer Address 
Thompson-Bremer & Co Chicago. Ili 
Tilley Mfg Co ‘i . San Francisco, Cul 
Stackpole Carbon Co . St. Marys. Pa 


Standard Thomson Corp. . 
Tinnerman Products, Inc 
Transformer Engineers . 
Welsh Cos. ce ee 
Waldes Kohinoor Inc. 
Veeder Root, Inc. 
Wenco Mig. Co. 
Continental -Wirt Electronics Corp. 
sik Hares Philadelphia, Pa. 
Zierick Mi Corp . New Rochetle, NY. 
Mepeo Division of Sessions Clock Co 
2% .Morristown, N,J. 


. Waltham, Mass 

. Cleveland, Ohio 

. San Gabriel, Ca) 
Newtonville, Mass 
. Long Island City, N. Y. 
. Hartford, Conn. 
Chicago, Il. 


Prestole Corp 5 - Toledo, Ohio 
Schnitzer Alloy Produc: ts Co. ., Elizabeth, N.J 
Electranic Industries Association, 

Standard tube or semi-conductor device, 

any manufacturer 
Unimax Switch, Div. 

OLB ccssialegt nied a eo 
Cnited Transformer Corp. 
Oxford Electric Corp. 


Maxon Electronics 
Wallingford, Conn. 
. New York, N Y,. 
. Chicago, Ill. 


Bourns Inc... 2.2.2... . Riverside, Cal. 
Arco Diy of Robertshaw Controls Co. 

aaah « ee ds . Columbus, Ohio 
All Star Products Ine. Defiance, Ohio 
Avery LabelCo . 2. ... . Monrovia, Cal. 


Hammarlund Co. , Inc. 
Stevens, Arnold, Ca .Inc 
Dimeoe Gray Co. 

International Inst 
Grayhill Co . 
Triad Transformer Corp 
Winchester Elec, Div 


.Mars Hill, N.C. 
. Boston, Mass. 
. Dayton, Ohio 
Oranze, Conn. 

. LaGrange, 1 

. Venice, Cal. 
Litton Ind, , Inc. 

. Oakville, Conn. 

El Segundo, Cal. 
. Cambridge, Maryland 
Barry Wright Corp 
was ieee <2 eel . Watertown, Mass. 
Carter Precision Elertric Co... . . Skokie, Ill, 
Sperti Faraday Inc. . wie Hewitt 

Electric Div. z Hoboken, N.J 
Electric Regulator C orp . Norwalk, Conn, 
Jeflers Electromes Division of 

Speer Cartan Cu. F 
Fairchild Camera & Inst “Corp. . 

Space & Defense Systems Div 
Magune Industries. Ine 
Sylvania Electric Prod . Inc 

Electronic Tube Division .Emporium, Pa. 
Astron Corp .East Newark, Harrison, N. J. 
Switchcraft. Inc. . * Chicago, Ill. 
Metals & Controls Inc . 

Spencer Products...... 
Philhps-Advance Control Co. . 
Research Products Corp 
Roltom Mig. Co. . Inc 
Vector Electronic Co... - 
Carr Fastener Co. . 
New Hampshire Ball 

Bearing, Inc. 
General Instrument Corp. . 

Capacitor Div... 2... eee Darlington, $C. 
ITT Wire aed Cable Div. .Los Angeles, Cal 
Vietory Eng. Corp. . 4 Springfield, N.J 
Bendix Corp. , Red Bank Div... Red Bank, N.J 


Ine 


Military Speciticavon 
International Reeufier Corp 
Airpax Electromes, Inc. 
Barry Controls, Div, 


. Du Bois, Pa 


.Paramus. N J. 
Greenwich, Conn. 


. Attleboro, Mass. 
.Joliet, MM). 

. Madison, Wis. 
Woodstock, N.Y. 
. Glendale, Cal 
Cambridge, Mass. 


Peterborough, NH. 


Hubbell Corp. Fe Mundelein, Ilt 
Rosan Inc ow. 1 ee ees “Newport Beach, Cal. 
Smith. Herman H., Inc. ....- Brooklyn, N.Y. 
Tech Labs ..... _ Palisades Park, N.J. 
Central Screw Co. ....-- Chicago, Il. 


Gavitt Wire and Cable Co. , Div. of 
Amerace Corp. . Brookfield, Mass. 


Rurroughs Cor "Electronic 

Tube Biv. x as 1a . Plainheid, N.J. 
Union Carbide Cor _ Consumer 

Prod. Div. . Te a New York, N.Y. 
Model Eng and Mig. , Inc. . Huntington, Ind. 
Loyd Scruggs Co. . 2 . ,Festus, Mo. 
Aeronautical Inst. & Radio ‘Co. -Lodi, N.J. 


Great Neck, N.Y. 
San Francisco, Cal. 
Ogatlala, Neb. 


Arco Electronies Inc 
A J. Glesener Co., 
TRW Capacitor Div 


Inc 


From- Handbook Supplements 
H4-} Dated January 1970 
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Code Code Code 
No. Manufacturer Address No Manufacturer Address No. Manufacturer Address 
94870 Sarkes Tarzian, Inc. ....... Bloomington, Ind. 91929 Honeywell Inc. , Micro Switch Division 96095 Hi-Q Div. of Aerovox Corp. ..... Olean, N.Y. 
85454 Boonton Molding Company.... . Boonton, N.Jo 2 ee ee ee Freeport, Ill. 96256 Thordarson-Meissner Inc. ... Mt. Carmel, Hk. 
85471 A.B. BoydCo. ......... San Francisco, Cal. 91961 Nahm-Bros. Spring Co. ...... Oakland, Cal, 96296 Solar Mig. Co........... Los Angeles, Cal. 
85474 R.M. Bracamonte & Co... . San Francisco, Cal. 92180 Tru-Connector Corp........ Peabody, Mass. 96396 Microswitch, Div. of 
85660 Koiled Kords, Inc........... Hamden, Conn, 92367 Elgeet Optical Co., Inc. .... Rochester, N.Y. Minn. -Honeywell ..,....... Freeport, Ill. 
85911 Seamless Rubber Co. .......... Chicago, Nl. 92607 Tensolite Insulated Wire Co. , Inc. 96330 Carlton Screw Co. .......... Chicago, HL. 
86174 Fafmr Bearing Co. ...... LosiAngeles;, Calif. «tet A aR HEA Tarrytown, N.Y. 96341 Microwave Associates, Inc. . Burlington, Mass. 
86197 Clifton Precision Products Co., Inc. 92702 IMC Magnetics Corp. .Westbury, L.I., N.Y. 96501 Excel Transformer Co........ Oakland, Cal. 
edi ERS RR ewe Bee Y ae Clifton Heights, Pa. 92966 Hudson Lamp Co. weeeeae + Kearney, N.J. 96508 Xcelite, Inc, .........-Orchard Park, N.Y, 
86579 Precision Rubber Products Corp. Dayton, Ohio 93332 Syivania Electric Prod. Inc. , 96733 San Fernando Elec, Mfg. Co. San Fernando, Cal, 
86684 Radio Corp. of America, Electronic Comp. Semiconductor Div. ........ Woburn, Maga, 96881 Thomson Ind. Inc, ....... Long Island, N.Y, 
& Devices Division . Harrison, N.J. 93369 Robbins & Myers inc.... Pallisades Park, N.J. 97464 Industrial Retatning Ring Co. . . Irvington, N.J. 
86928 Seastrom Mfg. Co. Glendate, Cal. 93410 Stemco Controls, Div. of Essex 97539 Automatic & Precision Mfg. .. Englewood, N.J. 
87034 Marco Industries .....-.... Anaheim, Cal, Wire Corp... 6 acai n s4 a9 @ aux Mansfield, Ohio 97979 Reon Resistor Corp. .... .... Yonkers, N.Y. 
87216 Philco Corporation (Lansdale Division) 93632 Waters Mig. Co.... ... Culver City, Cal. 97983 Litton System Inc. , Adler-Westrex 
gamer Be HS Met see SG&A ual at Lansdale, Pa. 93929 G.V. Controls ral Livingston, N.J, Commun. Div.........New Rochelle, N.Y. 
87473. Western Fibrous Glass Products Co, 94137 General Cable Corp. ...... Bayonne, N.J. 9814) R-Tronics, Inc.........-... Jamaica, N.Y. 
ee eran .+....., San Francisco, Cal. 94144 Raytheon Co. , Comp. Div. , 98159 Rubber Teck, Inc, .... ....Gardena, Cal. 
87664 Van Waters & Rogers Inc... San Francisco, Cal. Ind. Comp. Operations ...... Quincy, Mass. 98220 Hewlett-Packard Co , 
87930 Tower Mfg, Corp. ........ Providence, R.1. 94148 Scientific Electronics Medical Elec. Div. ........ Pasadena, Cal. 
88140 Cutler-Hammer, Inc. ......... Lincoln, Ill. Products, Inc............ Loveland, Colo. 98278 Microdot, Inc ......... So. Pasadena, Cal. 
88220 Gould-National Batteries, Inc, . . St. Paul, Minn. 94154 Wagner Elect. Corp., 98291 SealectroCorp. .....-... Mamaronech, N.Y. 
88698 General Mills, Inc. .. Buffalo, N.Y. Thig-SolDIV. go eh BE Ha tie Newark, N.J. 98376 Zero Mfg Co. .. 29h a06 Burbank, Cal. 
89231 Graybar Electric Co..... ... Oakland, Cal. 94197 Curtiss-Wright Corp. , S840! Ete One. soe4n, Hees s eee Cleveland, Ohio 
89473. G.E, Distributing Corp. ...., Schenectady, N.Y. Electronics Div, .... East Patterson, N.J, 98731 General Mills Inc , Electronics Div. 
89479 Security COs, vi view cena s . ,Detroit, Mich. 94222 South Chester Corp. ian wn o Chester, Pai Getessomg apts ied GaGa . Minneapolis, Minn. 
89665 United Transformer Co. .. ... Chicago, ML. 94330 Wire Cloth Products, Inc.. ... .Bellwood, Ill. 98734 Paeco Division of Hewlett-Packard Co. 
90030 United Shoe Machinery Corp. .. . Beverly, Mass. 94375 Automatic Meta! Products Co... Brooklyn, N.Y. 2 we eee ee ss... Palo Alto, Cal. 
90179 U.S. Rubber Co, , Consumer Ind, & 94682 Worcester Pressed Aluminum Corp. 98821 North Hills Electronics, Inc. . Glen Cove, N.Y. 
Plastics Prod. Div. ......... Passaic, NJ. 0 ee ee ineees GR Worcester, Mass, 98978 International Electronic Research Corp. 
90365 Belleville Speciality Tool Mfg. , Inc. 94696 Magnecraft Electric Co. ....... ehicago, Mh eens re BEd dy A ew ian Burbank, Cal. 
CAMO TLA AN WOR Ow Ee ae Belleville, Ill. 95023 George A. Philbrick Researchers, Inc. 99109 Columbia Technical Corp ... New York, N.Y. 
90763 United Carr Fastener Corp. .,... GHiCaRO; TE, ea Se ing ea a one te RAS Se Boston, Mass, 99313 Varian Associates... .. .... Palo Alto, Cal. 
90970 Bearing Engineering Co... . San Francisco, Cal. 95146 Alco Elect. Mfg. Co....... Lawrence, Mass 99378 Atlee Corp... ....... Winchester, Mass. 
91146 ITT Cannon Elect. Inc. , Salem Div. 95236 Allies Products Corp. ........ Diania, Fla. 99515 Marshall Ind. , Capacitor Div. . Monrovia, Cal 
<6 es BRR GH teeeee see... Salem, Mass. 95238 Continental Connector Corp. .. Woodside, N.Y. 99707 Control Switch Division, Controls Co 
91260 Connor Spring Mfg. Co. ... San Francisco, Cal. 95263 Leecraft Mfg. Co., Inc. .. . .Long Island, N.Y. ORAMETIER cee ys ces El Segundo, Cal 
91345 Miller Dial & Nameplate Co, ... El Monte, Cal. 95265 National Coil Co............ Sheridan, Wyo. 99800 Delevan Electronics Corp. . East Aurora, N. Y. 
91418 Radio Materials Co, .., »... Chicago, I, 95275 Vitramon, Inc. ......,.... Bridgeport, Conn. 99848 Wilco Corporation . ... . Indianapolis, Ind. 
91506 Augatinc, ........ oe . Attleboro, Mass. 95348 GordosCorp. ...... ... Bloomheld, N.J. 99928 BransonCorp. .. ....... Whippany, N.4J. 
91637 Dale Electronics, Inc. . Columbus, Nebr. 95354 Methode Mfg. Co. .... Rolling Meadows, Ill. 99934 Rembrandt. Inc ...... . . Boston, Mass. 
91662 Elco Corp, :. i. eae: Willow Grove, Pa. 95566 Arnold Engineering Co... ..... Marengo, Ill. 99942 Hoffman Electronics Corp.. 
91673 Epiphone Inc. ... New York, N.Y. 95712 Dage Electric Co., Inc . .... Franklin, Ind. Semiconductor Division ..... £1 Monte, Cal. 
91737 Gremar Mfg. Co., Inc. ..... Wakefield, Mass. 95984 Siemon Mfg, Co..... .. .....- Wayne, Ill. 99957 Technuloxy-Instrument Corp 
91827 « F Development Co...... Redwood City, Cal 95987 Weckesser Co. ... . ... Cheago, Ut, of California ... . Newbury Park, Cal 
91886 Malco Mfg., Inc..... eraeg uu es Chicago, Ill. 96067 Microwave Assoc, ,West.Inc . Sunnyvale, Cal. 


The following HP Vendors have no number assigned in the latust supplement to the Federal Supply Code ior Manufacturers Handbook. 


Q000F Malco Tooland Die .. ... Los Angeles, Calif Q00OCS Hewlett-Packard Co., Colorado 000QQ Cooltron............... . Oakland, Cal 

0000Z Willow Leather Products Corp. .. Newark, N.J. Springs Div. ... Colorado Springs, Colorado O00WW California Eastern Lab... . Burlington, Cal. 

OOOAB: BWA, sce cae crise ges Fea 2S TRLE ES England 00OMM Rubber Eng. & Development. ..Hayward, Cal. O00YY S.K. Smith Co. . ....  .Los Angeles, Cal. 

QOOBB Precision Instrument Comp. Co. Van Nuys, Cal. OOONN A"N'D Mfg. Co......,.... San Jose, Cal. 

00015-49 From. Handbook Supplements 
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Appendix C 
' i Model 654A 
TEST OSCILLATOR 
Serials Prefixed: 0951 A- 
This manual backdating sheet makes this manual applicable to earlier instruments. 
[nstrument-component values that differ from those in the manual, yet are not listed in 
the backdating sheet, should be replaced using the part number given in the manual. 
Instrument Serial Prefix Make Manual Changes Instrument Serial Prefix Make Manual Changes 


907-00200 and below 


951-00340 and below 
0951 A00755 and below 


0951A01700 and below 


0951A02260 and below 1, 2,354.5 


b @ 
CHANGE NO. | —R64— -C22- 
Table 6-1: Change A2RI1 to R: fxd, 10 kQQ + 1%, 1/8 W, —R79— -CR20- 
hp- Part No. 0757-0442. ene 8 


Change A2R12 to R: fxd, 4.02 kQ + 1%, 1/8 W, -hp- 
Part No. 0698-3558. 


Figure 7-2: Change the value of A2RI1 to 10 kQ and the 
value of A2R12 to 4.02 kQ. 


CHANGE NO. 2 
Table 6-1: Change the -hp- Part No. of J1 to 1251-0148 
Change the -hp- Part No. of WI to 8120-0078. Figure C-1. P/O A2 Component Loc- 


Change the -hp- Part No. of Panel: rear to 00653-00202 
(Mechanical Parts). 

Change the -hp- Part No. of MP1I7 to 00653-01204. 
Delete MP5O, Bracket: Attenuator -hp- Part No. 
00653-01206. 


CHANGE NO. 3 
Change the -hp- Part No. of T!] to 9100-0294. 


CHANGE NO. 4 
Page 6-3, Table 6-1. Delete A2CR25 and A2CR26 


Page 6-4, Table 6-1. Change A2 R61, 62 to A2R61, 62; 
0757-0384; 20 ohms. 
Add A2R70 and A2R73, 0686-2015, 200 ohms % W. 


Page 7-6. Change the A2 Component Locator as in 


J ¢ Figure C-1. 
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Page 7-7/7-8. Change A2 Schematic Diagram as in 
Figure C-2 
Change A2R61 and 62 to 20 ohms. 


removed. Diodes AICR6 and AICR7 protect the con- 
trol transistor Al1Q4 from short circuits between the 
two supplies and short circuits at the output of the 
- 26 volt supply. 7 ) 


AC 4N0 OC FEEUBSCK 
—_e——__o—. 


Delete Figure 4-2 and 4-3 


Page 5-13, Paragraph 545 with the following: 


9-45. POWER SUPPLY VOLTAGE ADJUSTMENTS, 


a. Connect a de voltmeter to the power supply 
positive output (AI Pin 12). 


b. Adjust AIR14 (+30 V Adjust) for 31, +/-0.2V. 


c. Connect the dc voltmeter to the power supply 
negative output (Al Pin 13). The voltage 
should be - 26, +/-0.5 V; if not, change the 
value of AI R15* to obtain the required voltage 
(increasing the value of AIRI5* makes the 
power supply voltage less negative, and vice- 
versa). 


d. For power supply troubleshooting, refer to 
Paragraph 5-78. 


Page 5-20, Paragraph 5-77. Replace Steps 9 thru 11 with 
the following: 


a. If only the - 26 V supply is inoperative 


proceed to branch (i). 
b. Check if the external circuits are loading the é 


power supply by lifting Al Pin 12 and 
AIRI8 (Schematic No. 2). If the supply 
Operates the trouble is in the external 
circuits. If the supply does not operate 
proceed to step c of this Paragraph. 


Figure C-2, P/O A2 Schematic Diagram. 


CHANGE NO. 5 
Page 44, Replace Paragraphs 4-37 thru 441 with the 
following: 


4-37. REGULATED POWER SUPPLIES. 


4-38. The regulated power supplies provide all volt- 


ages required by the 654A circuits. The power sup- c. The 


plies consist of a (nominally) + 31 volt series regu- 
lated supply and a (nominally) - 26 volt series regula- 
ted supply. The - 26 volt supply is referenced to the 
+3] volt supply. 


4-39. The +31 volt regulated supply is of the con- 
ventional series regulator type. QI and A1QI are con- 
nected in the Darlington Configuration to increase 
loop gain of the circuit, thus improving voltage 
regulation. AJ R14 allows the voltage to be adjusted 
to +31 volts (+ 0.5); it also affects the - 26 volt 
supply (making the plus supply more positive, makes 
the negative supply more negative). 


440. The - 26 volt regulated supply operates in a 
manner similar to the +31 volt supply. AIQ5 is a 
current limiter which conducts only when the load 
current exceeds the set value. Conduction of A1Q5 
causes the series regulator Q2 to reduce the output 
voltage until the load causing the excessive current is 


C-2 


- 26 V supply is referenced to the 
+31 V. To check if the - 26 V supply is load- 
ing the +31 V supply first lift Al pin 13; if 
the supplies now operate the trouble is in 
the external circuits; if the supplies still do 
not operate, lift ALRI5*, AIR6 and AIR7 
to isolate the - 26 V supply from the +31 V 
supply. If the +31 V supply now operates 
the trouble is in the - 26 V does not operate 
troubleshoot the +3] V supply. 


Check Tl and the line filter components; 
also check A2CR] thru AICR4, ALC9 and 
AIC10. 


a. Troubleshoot the - 26 V supply if you 
have arrived here from branch ()c. 


b. Lift Al Pin 13 to isolate the - 26 V 
supply from external circuits. If the 
supply now operates the trouble is in the 
external circuits; if the -26 V supply does 
not operate troubleshoot. 


Model 6544 


Page 5-27/5-28, Figure 18. Change Step 10 to Step 11 and 


f Change Step 11 to Step 10. 
Page 6-2, Table 6-1. Change the Al Replaceable Parts list as 


in Table C1. 
Table C-1. A1 Replaceable Parts. 
REFERENCE -hp- P 
DESIGNATOR | PART NO. _ PQ ESC Ieee Tle 
Al 00654 66501 1 PC board: power supply 
C1,C2 018001459 4 C fxd Al clect 65 uF #10075 -10% 60 vdew 
C3.C4 0150-0058 2 C: fxd cer 0.091 uF 100% -20%s 500 vdew 
C5.C6 0180 0045 2 C. fxd AP 20 uF +7573 -10°) 25 vdew 
€7.C8 0180-0149 U.txd Al elect 65 uF +100". -10*: 60 vdew 
c9,c10 0150-0052 z C: fxd cer 0.05 uF +'-20% 400 vdew 
CRI thru CRS 1901-0153 4 Diode Si 200 piv 
CR5 1902-0049 } Diode: break down 6.19V +/-5% 400 mW 
CR6.CR7 1901-0025 14 Diode Si 100 mA at +1V 100 piv 12 pF 
CR8 1902 0777 2 Diode: zener 1N825 6 2V +/-5% 400 inW 
CRO 1901-0025 Orde: Si 106 mA at +1V 100 piv 12 pF 
al 1953-0037 2 TSTR: Si PNP 2N4036 
a2 1353-0036 8 TSTR Si PNP 2N3906 
Q3 1353-0037 TSTR: Si PNP 2N4036 
a4,05 1853 0036 TSTR: Si PNP 2N3506 
Ri thru R4 0683-3925 4 R: {xd coma 3900 ohms +/-5%s 1/4 W 
R5 9886-7525 1 R- fxd comp 7500 ohms +/-5% 1/2 W 
RS 0687-1531! ! R- fxd comp V5kilohms +/-10% 1/2 W 
R7 0683-4235 i R. fxd comp 43 kilohms +/-595 1/4 W 
R38 0687-3921 1 R. fxd comp 3900 ohms +/-10%5 1/2 W 
Rg 0693-8215 ! R. fxd comp 820 ohins +/ 5% 1/4 W 
Rid RN 0695 0915 2 R {xd carbon comp 9.1 ohms +/-5°s TW 
R12 0757-0273 1 . fxd met flm 3010 ohms +/-1°%5 1/8 W 
R13 0698 4020 i R: fxd met fm 9.53 kilohms +/-1°4 1/8 W 


Alé 2100-0090 1 R- var comp tin 2000 ohms +/-3073 0.15 W 
Ri5* 0633.2715 } R: fxd comp 270 ohms +/-5% 1/4 W 

R16 0757-1013 i Ri: fxd met flm 6000 ohms +/-1% 1/2 W 
Rl? 0757-0033 } R fxd met flm 5030 ohms +/-1%5 1/2 W 
R18 0698 «888 1 R fxd met fim 1180 ohms +/:1% 1/2 W 


Page 6-6. Table 6-1. Change the -hp- Part Number of Q1, 
and Q2 to 1850-0098, TSTR: GE PNP (SELECTED). 


Page 7-7/7-8. Change Al Schematic Diagram as in 


Figure C-3. 

| POWER supe | 

(00654 -6650)) 
+31V 

R16 
92, - te18K | 
R3 

250 t CRB 1 
(AMPLITUDE J] i Bev, 
es Sere 


Figure C-3. Amplitude Reference Supply. 


MER 
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MFR. PART NO. 


036978-0SM 
$01-010X5G01022 


30D2066025C82-DSM 
(type 300)036973-0SM 


33C174-COH 


$R13583 
$Z10939-122 
01626 


RO1526 


$$2103 
$9S-3612 
$52109 
SPS-3812 


C83925 
€37525 
€B1531 
C84335 


£83921 
C83215 
GB 31G5 
MF-1/10-32 
MF-1/10-32 


UPM-70RE(hp) 
CB2715 
CECcTO 

MPF Y/2 7-1 
MPF V2 Tt 


obd 


ood 
abd 


obd 
obd 


abd 
obd 


C-3 
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Page 7-11, Figure 7-5. Change the A] Power Supply Com- 
ponent Locator and Schematic Diagram as in Figure C-4 


and C-5. ¢ 


SR SRI = 
4 — R5— c2 
20 —R4— —R2— = 


—CRI-- cao CRB — eR 
cR2 cR4 ' 
79 —co- @, ©; 49 -—co— ©; 28 @m@ 


€544-8-1819 
Al 
hp Part Noe 00654-66501 


aol 


Figure C-4. A1 Component Locator. 


apsust 19 


oa fO2y + 


Bigg 


¢ 
3 Or E 
ee Dk 


AOPIST TO 
-757 +O.5v 


Q2 
COPVMGAT (FER GY MEME! RaZRARO COMPANY a 


Figure C-5. A1 Schematic Diagram. 


AFRICA, ASIA, 
AUSTRALIA 


ANGOLA 

Telectra 

Empresa Tecnica de Equipamentos 
Eléctricos, S.A.R.L 

R Barbosa Rodrigues, 41-1°DT ° 

Caixa Postal, 6487 

Luanda 

Tel 36515/6 

Cable. TELECTRA Luanda 

AUSTRALIA 

Hewlett-Packard Australia Pty. Ltd. 

31-41 Joseph Street 

Blackburn, Victoria 3130 

PO Box 36 

Doncaster East, 

Victoria 3109 

Tel. 896351 

Telex 31-024 

Cable HEWPARD Melbourne 


Hewlett-Packard Australia Ply Ltd 
3) Bridge Street 

Pymbile 

New South Wales, 2073 

Tel 4496566 

Telex 2156! 

Cable HEWPARD Sydney 
Hewlett-Packard Australia Ply Ltd 
153 Greenhill Road 
Parkside, SA. 5063 

Tel 2725911 

Telex 82536 

Cable HEWPARD Adelaide 


Hewlett-Packard Australia Pty Ltd 
141 Stirling Highway 
Nedlands, WA 6009 

Tel 3665455 

Telex 93859 

Cable HEWPARD Perth 


Hewlett-Packard Australia Pty Lid 
121 Wollongong Street 
Fyshwick, ACT 2609 

Tel 804244 

Telex 62650 

Cable HEWPARD Canberra 


Hewlett Packard Australia Pty Ltd 
5th Floor 

Teachers Union Building 

495-499 Boundary Street 
Spring Hill, Queensland 
4000 

Tel 2291544 

Cable HEWPARD Brisbane 


BANGLADESH 
The General Electric Co of 
Bangladesh Ltd 

Magnet House 72 
Oilkusha Commercial Area 
Motijhell, Dacca 2 
Tel 252415, 252419 
Telex 734 

Cable GECDAC Dacca 
ETHIOPIA 

Abdelia Abdulmalik 

PO Box 2635 

Addis Ababa 

Tel 1193 40 

GUAM 

Guam Medical Supply, Inc 
Suite C, Aport Plaza 
P.O Box 8947 
Tamuning $6311 
Tel 646-4513 

Cable EARMED Guam 


HONG KONG 
Hewlett-Packard Hong Kong Ltd 
Room 105, Austin Centre 

1st Floor 

21 Austin Avenue 

TST P.O Box 98524 
Kowloon 

Tel 3-697446 (5 tines) 

Telex. 36678 HX 

Cable HEWPACK Hong Kong 


Medical? Analytical Only 
Schmidt & Co. (Hong Kong) Ltd 
Wing On Centre, 28th Floor 
Connaught Road, C. 
Hong Kong 

Tel 5.455644 

Telex 747668 SCHMX HX 
INDIA 

Blue Star Ltd 

Sahas 

414/2 Vit Savarkar Marg 
Prabhadevi 

Bombay 400 025 

Tel 4578 87 

Telex 011-4093 

Cable FROSTBLUE 


Blue Star Ltd 

Band Box House 
Prabhadewi 
Bombay 400 025 
Tel 457301 

Telex 011-3751 

Cable BLUESTAR 


Blue Star Lid 

Bhavdeep 

Stadium Road 
Ahmedabad 380 014 
Tel 43922 

Telex 012-234 

Cable BLUEFROST 


Blue Star Lid 

7 Hare Street 
Calcutta 700 01 
Tel 23-013) 

Telex 021-7655 
Cable BLUESTAR 


Blue Star Ltd 
Bhandari House 
91 Nehru Place 
New Delhi 
Tel 682547 
Telex 031-2463 
Cable BLUESTAR 


Blue Star Ltd 

TC 7 603 ‘Poormima 
Maruthankuzht 
Trivandrum 695 03 
Tet 65799 

Telex. 0884:259 

Cable BLUESTAR 


Ble Star Lid 

11 Magarath Road 
Bangalore 560 025 
Tel 55668 

Telex 0845-430 

Cable BLUESTAR 


Blue Star Ltd 

Meeakshi Mandiram 

XXXXV_ 1379-2 Mahatma 
Gandhi Rd 

Cochin §82 016 

Tel 32069 

Telex 085 514 

Cable BLUESTAR 

Blue Star Ltd 

VA-117 1 Sarojnn Devi Road 

Secunderabad 500 033 

Tel 70126 


110 024 


Telex 0155-459 
Cable BLUESTAR 


Blue Star Ltd. 

133 Kodambakkam High Road 
Madras 600 034 

Tel; 82057 

Telex’ 041-379 

Cable: BLUESTAR 


INDONESIA 
BERCA Indonesia P T 
P.O. Box 496/Jkt 

Jin, Abdul Murs 62 
Jakarta 

Tel: 349255, 349886 
Telex: 46748 BERSIL IA 
Cable: BERSAL 


BERCA Indonesia P T 
P.O Box 174/Sby 
23 Jin. Jimerto 
Surabaya 

Tel 42027 

Cable: BERCACON 


JAPAN 
Yokogawa-Hewletl-Packard Lid 
29-21, Takaido-Higashi 3-chome 
Suginami-ku, Tokyo 168 
Tel 03-331-6111 

Telex: 232:2024 YHP- Tokyo 
Cable YHPMARKET TOK 23 724 


Yokogawa-Hewlett-Packard Ltd 
Chuo Bldg . 4th Floor 

4-20, Nishinakayma 5-chome 
Yodogawa-ku, Osaka-sh: 
Osaka, 532 

Tel 06-304-6021 

Telex 23-3624 


Yokogawa-Hewlett Packard Lid 
Suntomo Seimei Nagaya Bldg 
11-2 Shimosasayima-cho, 
Nakamura-ku, Nagoya, 450 
Tel 052 571-5171 

Yokogawa Hewlett-Packard Ltd 
Tanigawa Building 

2:24 1 Tsuruya-cho 
Kanagawa-ku 
Yokohama, 221 

Tel 045-312-1252 

Telex 382-3204 YHP YOK 


Yokogawa-Hewlelt-Packard Lid 
Milo Mitsu: Building 

105, t-chome, San-no maru 
Mito, !baragi 310 

Tel 0292 25-7470 
Yokogawa-Hewlett Packard Ltd 
Inoue Building 

1348-3, Asahi-che. I-chome 
Atsugi, Kanagawa 243 

Tel 0462-24-0452 


Yokogawa-Hewlett Packard Lid 
Kumagaya Asahi 

Hachium Building 

4th Floor 

34, Tsukuba 

Kumagaya, Saitama 360 
Tel 0485-24-6563 


KENYA 
ADCOM Ltd . Inc 
PO Box 30070 
Nairobi 

Tel 331955 
Telex 22639 


Medical Only 

Infernational Aeradio (E A) Lid 
PO Box 19012 

Nairobi Auport 

Nairobi 

Tel 336055 56 

Telex 22201 2230) 

Cable INTAERIO Nairobi 


Medical Only 

International Aeradio (E A) Lid 
P.O. Box 95221 
Mombasa 


KOREA 

Samsung Electronics Co . Lid 
22nd Floor Dongbang Bidg . 
250, 2-KA, Taepyung-Ro 
Chung-Ku. 

Seoul 

Tel 777-4886 

Telex: SAMSAN 27364 


MALAYSIA 
Hewlett-Packard Sales 
(Malaysia) Sdo Bhd 
Suite 2 21/2.22 
Bangunan Angkasa Raya 
Jalan Ampang 
Kuala Lumpur 
Tel 483680, 485653 
Protel Engineering 

PO Box 1917 

Lot 259, Satok Road 
Kuching, Sarawak 
Te! $3544 

Cable PROTELENG 


MOZAMBIQUE 
AN Goncalves, Lid 

162, 1° Apt 14 Av D Luis 
Caixa Postal 107 
Maputo 

Tel 27091, 27114 

Telex 6-203 NEGON Mo 
Cable NEGON 


NEW GUINEA 
Hewlett-Packard Australia Ply Lid 
Development Sank Building 
Ground Floor 

Ward Strip 

Port Moresby, Papua 
Tel 258933 


NEW ZEALAND 
Hewlett-Packard (N.Z) Lid 
4-12 Cruickshank Street 
Kilbwme, Wellingt 20 3 

PO Box 9443 

Courtney Place 
Wellington 

Tel 877-199 

Cable HEWPACK Wellington 
Hewlett-Packard (NZ) Ltd 
PO Box 26:189 

169 Manukau Road 

Epsom, Auckland 
Tel 687 159 

Cable HEWPACK Auckland 


Anaiytical Medical Only 

Northrop instruments & 
Systems Ltd. 

Sturdee House 

85-87 Ghuznee Steet 

PO Box 2406 

Wellington 

Tel 850-09! 

Telex NZ 31291 

Northrup instruments & 
Systems Ltd 

Eden House, 44 Khyber Pass Rd 

PO Box 9682, Newmarket 

Auckland | 

Te! 794-091 

Northrup Instruments & 
Systems Ltd 

Terrace House. 4 Oxtord Terrace 

PO Box 8388 

Christchurch 

Tel 64-165 


SALES OFFICES 


NIGERIA 

The Electronics 
Instrumentations Ltd 

N6B/770 Oyo Road 

Oluseun House 

PMB. 5402 

Ibadan 

Tel: 461577 

Telex: 31231 TEIL NG 

Cable’ THETIEL Ibadan 


The Electronics 
Instrumentations Ltd. 

144 Agege Motor Road, Mushin 

P.O. Box 481 

Mushin, Lagos 

Cable: THETEIL Lagos 

PAKISTAN 

Mushko & Company Ltd 

Oosman Chambers 

Abdullah Haroon Road 

Karachi-3 

Tel 511027, 512927 

Telex. 2894 

Cable COOPERATOR Karachi 

Mushko & Company, Ltd 

10 Bazar Ad 

Sector G-6 4 

Islamabad 

Tel 28264 

Cable FEMUS Rawalpindi 


PHILIPPINES 

The Online Advanced Systems 
Corporation 

Rico House 

Amorsolo cor Herrera Str 
Legaspi Village Makati 

PO Box 1510 

Metro Manila 

Tel 85-35-81, 85-34-91, 85-32-21 
Telex 3274 ONLINE 


RHODESIA 

Field Technical Sales 

45 Kelvin Road North 

PO Box 3458 

Salisbury 

Tet 705231 (5 lines) 

Telex RH 4122 

SINGAPORE 

Hewlett-Packard Singapore 
(Pte) Lid 

1150 Depot Road 

PO Box 58 

Alexandra Post Otfice 

Singapore 3 

Tel 270-2355 

Telex HPSG RS 21486 

Cable HEWPACK, Singapore 

SOUTH AFRICA 

Hewlett: Packard South Africa 
(Pty), Lid 

Private Bag Wendywood, 

Sandton, Transvaal, 2144 

Hewlett-Packard Centre 

Daphne Street, Wendywood, 

Sandton, 2144 

Tel. 802-5111 25 

Telex. 8-4782 

Cable HEWPACK Johannesburg 

Hewlett-Packard South Alrica 
(Ply). Ltd 

PO Box 120 

Howard Place, 

Cape Province, 7450 

Pine Park Centre, Forest Drive. 

Pinelands, 

Cape Province, 7405 

Tel 53-7955 thru 3 

Telex 57-0006 


LO 


SRI LANKA 
Metropolitan Agencies Ltd 
209/9 Union Place 
Colombo 2 

Tel. 36947 

Telex’ 1377METROLTD CE 
Cable’ METROLTD 


SUDAN 
Radison Trade 
P.O Box 921 
Khartoum 
Tel. 44048 
Telex: 375 


TAIWAN 
Hewlett-Packard Far East Ltd 
Taiwan Branch 

Bank Tower, 5th Fiaor 

208 Tun Hau North Road 
Taipei 

Tel: (02) 751-0404 (15 Ines) 
Cable: HEWPACK TAIPEI 
Hewlett-Packard Far East Lid 
Taiwan Branch 

68-2, Chung Cheng 3rd. Road 
Kaohsiung 

Tel: (07) 242318-Kaohsiung 
Analytical Only 

San Kwang Instruments Co , Ltd. 
20 Yung Sui Road 

Taipei 

Tel: 3615446-9 (4 lines) 
Telex’ 22894 SANKWANG 
Cable: SANKWANG Taipei 
TANZANIA 

Medical Only 

international Aeradio (E.A ), Ltd. 
P.O. Box 861 

Dar es Salaam 

Tel 21251 Ext 265 

Telex. 41030 


THAILAND 

UNIME SA Co. Ltd. 

Elcom Research Building 

2538 Sukumvit Ave 
Bangchak, Bangkok 
Tel. 3932387, 3930338 

Cable. UNIMESA Bangkok 


ZAMBIA 

R.J Tilbury (Zambia) Ltd 
P.O. Box 2792 
Lusaka 

Tel 73793 

Cable ARJAYTEE, Lusaka 


OTHER AREAS NOT 
LISTED, 

CONTACT: 
Hewlett-Packard Intercontinental 
3495 Deer Creek Road 

Palo Alto, California $4304 
Te! (415) 856: 1501 

TWX 910-373: 1267 

Cable: HEWPACK Palo Alto 

Telex 034-8300, 034-8493 


9/79 


| 
a 


SALES OFFICES 


(cont.) 


CANADA 


ALBERTA 
Hewlett-Packard (Canada) Lid 
11620A - 1681n Street 
Edmonton ISM 319 
Tel (403) 452-3670 

TWX 610-831-243! 


Hewlett-Packard (Canada) Ltd 
210, 7220 Fisher St SE 
Calgary T2H 2H8 

Tal (403) 253-2713 

TWX 610-821-6141 


BRITISH COLUMBIA 
Hewlett-Packard (Canada) Ltd 
10691 Shelibridge Way 
Richmond V6x 2w7 

Tel (604) 270-2277 

TWX 610-925-5059 


MANITOBA 
Hewlett-Packard (Canada) Ltd 
380-550 Century St 

St. James, 

Winnipeg R3H OY | 

Tel (204) 786-6701 

TWX 610-67° 3531 


NOVA SCOTIA 
Hewlett-Packard (Canada) Lid 
PO Box 931 

800 Windmill Road 
Dartmouth B38 iL! 
Tel (902) 469-7820 

TWX 610-271-4482 


ONTARIO 

Hewlett Pacxar 3 (Canada) Lid 
1020 Morison Dr 

Ottawa K2H 8K7 

Tel (613) 820-6483 

TWX 610-563-1636 


Hewlett-Packard (Canada) Lid 
6877 Goreway Drive 
Mississauga i4V IM8 
Tei (416) 678-9430 
TWX 610-492 4246 


Hewlett-Packard (Canada) Lid 
552 Newbold Stree! 
London Né€ 285 

Tel (519) 686-9181 

TWX 610:352 1201 


QUEBEC 
Hewlett-Packard (Canada) Ltd 
275 Hymus Blvd 

Pointe Claire H9R 1G7 
Tel (514) 697 4232 

TWX 610-422-3022 


FOR CANADIAN 
AREAS NOT 

LISTED: 

Contact Hewlett-Packard (Canada) 
Ltd. in Mississauga 


CENTRAL, 
SOUTH AMERICA 


ARGENTINA 
Hewlett-Packard Argentina S A 
Santa Fe 2035, Martinez 
6140 Buenos Aires 
Tel 792-1239, 798-6086 
Telex 122443 AR CIGY 
Cable HEWPACKARG 
BiotronSAClyM 

Avda Paseo Colon 221 

9 piso 

1399 Buenos Aires 
Tel. 30-4846: 1851. 8384 
24-9356 ‘0460: 4551 

Telex (33) 17595 BIO AR 
Cable BIOTRON Argentina 


BRAZIL 
Hewlett-Packard do Brasil 
“le Lida 

Alameda Rio Negro, 750 
Alphaville 
06400 Barueri SP 
Tel 429-3222 
Cable HEWPACK Sao Paulo 
Hewlett-Packard do Brasil 

eC Ltda 
Rua Padre Chagas, 32 
90000-Pdrto Alegre RS 
Tel 22-2998, 225621 
Cable HEWPACK Pdrto Alegre 
Hewlett-Packard do Brasil 

tec Ltda. 
Ay Epitacio Pessoa, 4664 
22471 Rio de Janeiro RJ 
Tel 286-0237 
Telex 021-21905 HPBR-BR 
Cable HEWPACK Rio de Janeiro 


CHILE 

Jorge Calcagni y Cia Ltda 
Arturo Burhie 065 

Casilla 16475 

Correo 9. Santiago 
Tel 220222 

Telex JCALCAGNI 


COLOMBIA 
Instrumentacion 

Henrik A Langebaek & Kier SA 
Carrera 7 No 48:75 

Apartado Aereo 6287 
Bogot4, 10E 

Tel 269-8877 

Telex 44400 

Cable AARIS Bogota 


Instrumentacior 

HA Langebaek & Kier SA 
Carrera 63 No 49-A-31 
Apartado 54098 
Medellin 

Tel 304475 


COSTA RICA 
Cientifica Costarnicense $A 
Avenida 2, Calle § 

San Pedro de Mantes de Oca 
Apartado 10159 

San José 

Tel 24-38-20, 24-08-19 
Telex 2367 GALGUR CR 
Cable GALGUR 


ECUADOR 
CYEDE Cia Lida 

PO Box 6423 CCI 

Ay Eloy Alfaro 1749 
Quito 

Tet 450-975, 243-052 
Telex 2548 CYEOE ED 
Cable CYEDE-Quito 


Medical Only 

Hospitalar SA 

Casilla 3590 

Robles 625 

Quito 

Tel 545-250 

Cable HOSPITALAR-Quito 
EL SALVADOR 
(PESA 

Bulevar de los Heroes 11-48 
Edificio Sarah 1148 

San Salvador 

Tel 252787 


GUATEMALA 

IPESA 

Avenida Reforma 3-48 

Zona 9 

Guatemala City 

Tel 316627, 314786, 6647 1-5, 

ext 9 

Telex 4192 Teletro Gu 

MEXICO 

Hewlett-Packard Mexicana 
SA deCV 

Ay Periterico Sur No 650) 

Tepepan, Xochimilco 

Mexico 23, 0F 

Tel 905:676-4600 

Telex 017-74-507 

Hewlett-Packard Mexicana 
SA deCV 

Ave Constitucion No 2184 

Monterrey, NL 

Tel 48:71 32, 48-71-84 

Telex 038-410 

PANAMA 

Electronica Balboa, SA 

Aparatado 4929 

Panama 5 

Calle Samuel Lewis 

Edificio “Alfa ‘No 2 

Ciudad de Panama 

Tel 64-2700 

Telex 3483103 Curundu 

Canal Zone 

Cable ELECTRON Panama 


PERU 

Compafia Electro Medica S A 
Los Fiamencos 145 

San isideo Casilla 1030 

Lima | 

Tei 41-4325 

Telex Pub Booth 25424 SISIORO 
Cable ELMED Lima 


SURINAM 

Surtel Radio Holland N V 
Grote Holstr 3-5 

PO Box 155 
Paramaribo 

Te! 72518 77Ba0 
Cable Surtet 
TRINIDAD & 
TOBAGO 

CARTEL 

Caribbean Teiecoms Ltd 
PO Box 732 

69 Frederick Stree! 
Port-of-Spain 
Tel 62-53068 
URUGUAY 

Pablo Ferrando SAC el 
Avenida !talia 2877 
Casilla de Correc 372 
Montevideo 

Tel 40-3102 

Telex 702 Public Booth 
Para Paol> Ferrando 
Cable RADIUM Montevideo 
VENEZUELA 
Hewlett-Packard de Venezuela C A 
P.O Box 50933 
Caracas 105 

Los Ruices Norte 

3a Transversal 

Edificio Segre 
Caracas 107 

Tet 239-4133 (20 lines) 
Telex. 25146 HEWPACK 
Cable" HEWPACK Caracas 


FOR AREAS NOT 
LISTED, 

CONTACT: 

Hewlett Packard :.tercontinental 
3495 Deer Creek Road 

Palo Alto, California 94304 
Tel (415) 856-1501 

TWX 910-373-1260 

Cable HEWPACK Palo Alto 
Telex 034-8300, 034-8493 


EUROPE, 
NORTH AFRICA, 
MIDDLE EAST 


AUSTRIA 
Hewlett-Packard Ges mbH 
Wehlistrasse 29 

PO Box? 

A 1205 Vienna 

Tel 35-16-21-0 

Cable HEWPACK Vienna 
Telex 13582 135066 
Hewlett Packard Ges mbH 
Wehiistrasse, 29 

A 1205 Wien 

Tel 35-16-21 

Telex 135066 
BAHRAIN 

Medica! Only 

Wael Pharmacy 

PO Box 648 
Bahrain 

Tel 54886, $6123 

Telex 8550 WAEL GJ 
Cable WAELPHARM 


Al Hamidiya Trading and 
Contracting 

PO Box 20074 

Manama 

Tel 259978 259958 

Telex 8895 KALDIA GJ 

BELGIUM 

Hewlett Packard BeneluxS A NV 

Avenue du Col-Ven, 1, 

(Groenkraaglaan) 

8:1170 Brussels 

Tel (02) 660 50 50 

Cable PALOBEN Brussels 

Telex 23-494 paloben bru 

CYPRUS 

Kypronics 

19 Gregorios Xenopaulos Street 

PO Box 1152 

Nicosia 

Tel 45628 29 

Cable Kypronics Pandenis 

Telex 3018 

CZECHOSLOVAKIA 

Hewiett-Packard 

Obchodn) zastupitelstvi ¥ CSSR 

Pisemny styk 

Post schranka 27 

CS 11801 Praha 011 

CSSR 

Vyworova a Provorm Zakladna 

Vyzkumnych Ustavu ¥ Bechowcrch 

CSSA-25097 Bechovice u 

Prahy 

Tel 8993 41 

Telex 12133 


Institute of Medical Bionics 
Vyskumny Ustay Lekarske| Bioniky 
Jedlova 6 

CS-88346 Bratisiava- 
Kramare 

Tel 44:551 

Telex 93229 


DENMARK 
Hewlett-Packard A. S 
Datavey 52 

OK 3460 Birkerod 
Tel. (02) 81 66 40 
Cable HEWPACK AS 
Telex. 37409 hpas dk 


Hewlett-Packard A/S 

Navervay | 

0K:8600 Silkeborg 

Tel (06) 82 71 66 

Telex 37409 npas dk 

Cable HEWPACK AS 

EGYPT 

LEA 

International Engineering 
Associates 

24 Hussein Hegazi Street 

Kasr el Ain: 

Cairo 

Tel 23 829 

Telex 93830 

Cable INTENGASSO 

SAMITRO 

Sami Amin Trading Otfice 

18 Abdel Aziz Gawish 

Abdine-Cairo 

Tel 24932 

Cable SAMITRO CAIRO 

FINLAND 


Hewlet!-Packard Oy 
Revontulentie, 7 
SF-02100 Espoo 10 
Tel (90) 455 0211 
Cable HEWPACKOY 
Telex 121563 hewpa st 
FRANCE 
Hewlett-Packard France 
Zone d'activites de Courtaboeut 
Avenue des Tropiques 
Boite Postale 6 

91401 Orgay-Cédex 
Tel (1) 907 78 25 

TWX 600048F 


Hewlett-Packard France 
Chemin des Mouiltes 
BP 162 

69130 Ecuily 

Tel (78) 33 81 25 

TWX 310617F 


Hewlet!-Packard France 
20, Chemin de La Cepiére 
31081 Toulouse 

Le Mirail-Cedex 

Tel (61) 40 $1 '2 
Hewlelt-Packard France 

Le Ligoures 

Place Romeée de Villeneuve 
13100 Aix-en-Provence 
Tel (42) 59 4102 

TWX 4)0770F 

Hewlett Packard France 

2, Aliee de la Bourgonette 
35100 Rennes 

Tel (99) 51 42 44 

TWX 7409 12F 
Hewlett-Packard France 

18 rue du Canal de la Marne 
67300 Schiltigheim 
Te! (88) 83 08 10 

TWX 89014 1F 


Hewlett-Packard France 
Immeuble pericentre 

tue van Gogh 

59650 Villeneuve D'Ascg 
Tel: (20) 91 41 25 

TWX. 160124F 

Hewlett-Packard France 
Batiment Ampere 

Rue de la Commune de Paris 
BP. 300 

93153 Le Blanc Mesnil- 
Cedex 

Tel (01) 931 88 50 

Telex 211032F 


Hewlett-Packard France 
Av du Pdt. Kennedy 
33700 Merignac 
Tel (56) 970181 
Hewlett-Packard France 
Immeubie Lorraine 
Boulevard de France 
91085 Evry-Cédex 
Tel 077 96 60 

Telex 692315F 


Hewlett-Packard France 

23 Rue Lothaire 

57000 Metz 

Tel (87) 65 53 50 
GERMAN FEDERAL 
REPUBLIC 
Hewlett-Packard GmbH 
Vertuebszentrale Frankfurt 
Berner Strasse 117 

Postfach 560 140 

0-6000 Frankfurt 56 
Tel (06011) 50041 

Cable HEWPACKSA Franklurt 
Telex. 04 13249 hom d 


Hewlett-Packard GmbH 
Technisches Buro Babtingen 
Herrenberger Strasse 110 
0-7030 Boblingen, 
Wiirttemberg 

Tel (0703!) 667-1 

Cable HEWPACK Bablingen 
Telex. 07265739 bbn 
Hewlett-Packard GmbH 
Technisches Siro Diisseldont 
Emanuel-Leutza-Str. 1 (Seastern) 
0-400 Dusseldorf 
Fel (0211) 5971-1 

Telex 085 86 533 hpdd d 
Hewlet!:Packard GmoH 
Technische Biiro Hamburg 
Kapstadtring 5 

0-2000 Hamburg 60 
Tel (040) 63804-1 

Cable HEWPACKSA Hamburg 
Telex 21 63 032 hphh d 
Hewlett-Packard GmbH 
Technisches Buro Hannover 
Am Grossmarkt 6 

0-3000 Hannover 91 
Tel (0511) 46 6001 

Telex 092 3259 


Hewlett-Packard GmoH 
Technisches Biro Nurnberg 
Neumeyerstrasse 90 
0-8500 NUrnberg 
Tel (09! 1) 52 20 83 

Telex 0623 860 


e 
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EUROPE, 
NORTH AFRICA, 
MIDDLE EAST 


Hewlett-Packard GmbH 
Technisches Biro Miinchen 
Eschenstrasse 5 

0-802! Taufkirchen 
Tel (089) 6117-1 

Telex 0524985 
Hewlett-Packard GmbH 
Technisches Buro Berlin 
Kaithstrasse 2-4 

0-1000 Berlin 30 

Te! (030) 24 90 86 

Telex 018 3405 hpbin d 
GREECE 

Kostas Karayannis 

8 Omirou Street 
Athens 133 

Tel 32 30.303 32 37 731 
Telex 215962 RKAR GR 
Cable RAKAR ATHENS 


ICELAND 

Medical Only 

Elding Trading Company Inc 
Hatnamvoli - Tryggvagotu 
PO Box 895 
'S-Reykjavik 

Tel 15820 16303 
Cable ELDING Reykjavik 
IRELAND 
Hewlet!-Packard Lid 

King Street Lane 
Winnersh, Wokingham 
Berkshire, RG11 5AR 
GB-England 

Tel (0734) 78 47 74 
Telex 847178 

Cable Hewpre London 
Hewlett Packard Ltd 
Kestrel House 
Clanwilliam Place 

Lower Moun! Street 
Dublin 2. Eve 
Hewlett-Packard Ltd 

2C Avongberg ind Est 
Long Mile Road 
Dublin 12 

Tel $14322, 514224 
Telex 30439 

Medical Only 

Cardiac Services (Ireland) Lid 
Kilmore Road 

Artane 

Dublin 5, Eire 

Tel (01) 315820 


Medica! Only 

Cardiac Serices Co 
95A Finaghy Rd South 
Belfast 8110 0BY 
GB-Northern Ireland 
Tel. (0232) 625566 
Telex 747626 


ISRAEL 

Electronics Engineering Div 
of Motorola Israel Ltd 

16, Kremenetsk: Stree! 

P.O Box 25016 

Tel-Aviv 

Tel. 38973 

Telex: 33969, 34164 

Cable: BASTEL Tel-Aviv 


ITALY 

Hewlett Packard Italiana Sp A 

Via G Di Vittorio, 9 

20063 Cernusco Sul 
Naviglio (MI) 

Tel (2) 903691 

Telax 334632 HEWPACKIT 

Hewlett-Packard italiana SpA 

Via Turazza, 14 

35100 Padova 

Tel (49) 664888 

Telex 430315 HEWPACKI 

Hewlett Packard italiana Sp A 

Via G Armellin 10 

100143 Roma 

Tel (06) 54 6961 

Telex 610514 

Cable HEWPACKIT Roma 

Hewlelt-Packard Italiana Sp A 

Corso Giovanni Lanza 94 

{10133 Torino 

Te! (011) 659308 

Telex 221079 

Hewletl-Packard Italiana Sp A 

Via Principe Nicola 43G C 

195126 Catania 

Tel (098) 37 05 04 

Telex 970291 

Hewlett-Packard Italiana Sp A 

Via Nuova san Rocco A 
Capadimonte, 62A 

80131 Napoli 

Tel (081) 710698 

Hewlett-Packard Italiana Sp A 

Via Martin Luther King, 38 111 

|-40132 Bologna 

Tel (051) 402394 

Telex 511630 


JORDAN 

Mouasher Cousins Co 

PO Box 1387 
Amman 

Tel 24907 /39907 

Telex SABCO JO 1456 
Cable MOUASHERCO 
KUWAIT 

Al-Khaldiya Trading & Contracting 
PO Box 830-Satat 
Kuwait 

Tel: 42 4910.41 1726 
Telex 2481 Areeg ki 
Cable, VISCOUNT 
LUXEMBURG 
Hewlett-Packard Beneluz SA NV 
Avenue du Col-Vert. | 
(Groenkraagiaan) 

8.1170 Brussels 
Tet: (02) 660 5050 

Cable PALOBEN Brussels 
Telex: 23 494 


MOROCCO 
Oolbeau 

81 rue Karatchi 
Casablanca 
Tel 3041 82 

Telex 23051/22822 
Cable MATERIO 


Gerep 

2, fue d’Agadir 

Boite Postal 156 
Casablanca 
Tel: 272093/5 
Telex: 23 739 
Cable GEREP-CASA 


NETHERLANDS 

Hewlett Packard Benelux N,V 

Van Heuven Goedhartiaan 121 

PO Box 667 

1181KK Amstelveen 

Tel (20) 47 20 21 

Cable PALOBEN Amsterdam 

Telex 13 216 

NORWAY 

Hewlett Packard Norge A S 

Ostendalen 18 

PO Box 44 

145 Osteraas 

Tel (02) 1711 80 

Telex 16621 hpnas n 

Hewlett-Packard Norge A S 

Nygaardsgaten 114 

PO Box 4210 

5013 Nygaardsgaten, 

Bergen 

Tel (05) 21 97 33 

POLAND 

Biuro Informacy Techniczney 

Hewlett-Packard 

Ul Stawki 2, 6P 

PLOO-950 Warszawa 

Tel 39 59 62, 39 51 87 

Telex 81 24 53 

PORTUGAL 

Tetectra-Empresa Tecnica de 
Equipamentos Electricos Sar! 

Rua Rodrigo da Fonseca 103 

PO Box 2531 

P-Lisbon | 

Tel (19) 68 60 72 

Cable TELECTRA Lisbon 

Telex 12598 


Medical Only 

Mundinter 

Intercambio Mundial de Comercio 
Sarl 

PO Box 276! 

Avenida Antonio Augusto 

de Aguiar 138 

P-Lisbon 

Tel (19} 5321317 

Telex 16691 munter p 
Cable" INTERCAMBIO Lisbon 
QATAR 

Nasser Trading & Contracling 
PO Box 1563 

Doha 

Tel 22170 

Telex 4439 NASSER 

Cable’ NASSER 


ROMANIA 
Hewlett-Packard Reprezentanta 
Bd.n Balcescu 16 
Bucuresti 

Tel 15 80 23 13.88 85 

Telex: 10440 


SAUDI ARABIA 

Modern Electronic 

Establishment (Head Office) 

PO Box 1228, Baghdadiah Street 
Jeddah 

Tel 27 798 

Telex: 40036 

Cable. ELECTA JEDDAH 


Modern Electronic Establishment 
(Branch) 

P.O. Box 2728 

Riyadh 

Tel: 62596 66232 

Telex. 202049 


Modern Electronic Establishment 
(Branch) 

PO Box 193 

Al-Khobar 

Tel 44678-44813 

Telex 670136 

Cable ELECTA AL-KHOBAR 


SPAIN 

Hewlett-Packard Espafola, SA 
Calte Jerez 3 

E-Madrid 16 

Tel (1) 458 26 00 (10 lines) 
Telex 23515 hpe 


Hewlett-Packard Espafiola $ A 
Colonia Mirasierra 

Edificio Juban 

c'o Costa Brava, 13 
Madrid 4 
Hewlett-Packard Espanola, S A 
Milanesado 21:23 
E-Barcelona 17 

Tel (3) 203 6200 (5 lines) 
Telex 52603 hpbe e 
Hewlett-Packard Espanola, S.A 
Av Ramon y Cajal, 1 

Edilicio Sevilla, planta 9° 

E Sevilla § 

Tel 64 44 54/58 
Hewlett-Packard Espafiola S A 
Edificio Atbia 7° B 

E Bilbao } 

Tel 23 83 06. 23 82 06 
Hewlett-Packard Espafiola $ A 
C: Ramon Gordillo 1 

(Entlo ) 

E-Valencia !0 

Tel 96-361 1354 361 13.58 
SWEDEN 
Hewlett-Packard Sverige AB 
Enighetsvagen 3, Fack 

S:161 Bromma 20 

Tel (08) 730 05 50 

Telex 10721 

Cable MEASUREMENTS 
Stockhoim 


Hewlet!-Packard Sverige AB 
Frotallsgatan 30 

$-42!32 Vastra 
Frolunda 

Tel (031) 49 09 50 

Telex 1072) via Bromma otice 
SWITZERLAND 
Hewlett-Packard (Schweiz) AG 
Zurcherstrasse 20 

P.O Box 307 

CH-8952 Schlieren- 
Zurich 

Tel (01) 7305240 

Telex 53933 hpag ch 

Cable. HPAG CH 
Hewlett-Packard (Schweiz) AG 
Chateau Bloc 19 

CH-1219 Le Lignon- 
Geneva 

Tel. (022) 96 03 22 

Telex 27333 hpag ch 

Cable. HEWPACKAG Geneva 


SYRIA 

General Electronic Inc. 

Nuri Basha-Ahnat Eba Kays Street 
P.O. Box 5781 

Damascus 

Tel. 33 24 87 

Telex: 11215 ITIKAL 

Cable: ELECTROBOR DAMASCUS 


SALES OFFICES 


Medicai only 

Sawah & Co 

Place Azmé 

BP 2308 

Damascus 

Tel 16 367-19 697-14 268 
Telax 11304 SATACO SY 
Cable. SAWAH, DAMASCUS. 


Suleiman Hilal Ef Mlaw) 
PO Box 2528 

Mamoun Bitar Street, 56-58 
Damascus 

Tel 11 4663 

Telex. 11270 

Cable: HILAL DAMASCUS 


TUNISIA 

Tunisie Electronique 

31 Avenue de la Liberte 
Tunis 

Tel 280 144 

Corema 

Iter Av de Carthage 
Tunis 

Tel 253821 

Telex 12319 CABAM TN 


TURKEY 

TEKNIM Company Ltd 
Riza Sah Pehlevi 
Caddesi No 7 
Kavakiidere, Ankara 
Tel: 275800 

Telex 42155 

Texnim Com , Ltd 
Barbaros Bulvari 551 12 
Besikyas, Istanbul 
Tel 613 546 

Telex 23540 


EMA 

Muhendisiik Kollektif Sirketi 
Mediha Eldem Sokak 41 °6 
Yiksel Caddesi 
Ankara 

Tel 17 56 22 

Cabie EMATRADE/ Ankara 


Yilmaz Ozyurek 

Milli Mudafaa Cad 166 
Kiailay 

Ankara 

Tel 25 03 09 - 17 80 26 
Telex 42576 OZEK TR 
Cable OZYUREK ANKARA 


UNITED ARAB 
EMIRATES 

Emutac Ltd. (Head Ottice) 
PO Box 1641 
Sharjah 

Tel 3541213 

Telex 8136 

Emitac Ltd. (Branch Office) 
PO. Box 2711 

Abu Dhabi 

Tel 331370. 1 
UNITED KINGDOM 
Hewlett-Packard Ltd. 

King Street Lane 
Winnersh, Wokingham 
Berkshire RG1 1 SAR 
GB-England 

Tel: (0734) 784774 

Telex 8471 78/9 
Hewlett-Packard Lid 
Fourier House, 

257-263 High Stree! 
London Colney 

St. Albans, Herts 
GB-England 

Tel: (0727) 24400 

Telex: 1-8952716 
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(cont.) 


Hewlett-Packard Lid 
Trafalgar House 
Navigation Road 
Altrincham 
Cheshire WA14 INU 
GB-England 

Tel. (061) 928 6422 
Telex: 668068 


Hewlett-Packard Ltd. 


~ Lygon Court 


Hereward Rise 
Dudley Road 
Halesowen, 
West Midlands, B62 8SD 
GB-England 

Tel: (021) 501 1221 
Telex. 339105 
Hewlett-Packard Ltd. 
Wedge House 

799, London Road 
Thornton Heath 
Surrey, CR4 6XL 
GB-England 

Tel (01) 684-0103 8 
Telex: 946825 
Hewlett-Packard Lid 
14 Wesley St 
Castleford 
Yorks WF10 1AE 

Tel (0977) 550016 
TWX 5557335 
Hewlett-Packard Lid 
Tradax House 

St Mary's Walk 
Maidenhead 
Berkshire, SL6 1ST 
GB-England 
Hewlett-Packard Lid 
Morley Road 
Stapltehill 
Bristol, BS)6 40T 
GB-England 
Hewlett-Packard Lic. 
South Queensferry 
West Lothian, EH30 91G 
GB-Scotiand 

Tel: (031) 331 1188 
Telex: 72682 
Hewlett-Packard Ltd 
Kestrel House 
Clanwilliam Place 
Lower Mount Street 
Dublin 2, Eire 


Hewlett-Packard Ltd. 
2C Avonberg Ind Est. 
Long Mile Road 
Dublin (2 

Tel §14322/514224 
Telex: 30439 


USSR 
Hewlett-Packard 
Reprasentative Office 
USSR 
Pokrovsky Boulevard 4) 17-kw 12 
Moscow 10100 
Tel 294 20.24 
Telex: 7825 hewpak su 


YUGOSLAVIA 

Iskra Commerce, n.solo 
Zastopstvo Hewlett-Packard 
Obilicev Venac 26 

YU 11000 Beograd 
Tel: 636-955 

Telex: 11530 


Iskra Commerce, n.sol.o. 
Zastopstvo Hewlett-Packard 
Miklosicava 38/ Vil 
YU-61000 Ljubljana 
Tel: 321-674, 315-879 


Telex 31583 9/79 
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EUROPE, 
NORTH AFRICA, 
MIDDLE EAST 


SOCIALIST 
COUNTRIES NOT 
SHOWN, PLEASE 
CONTACT: 
Hewlett-Packard Ges m.oH 
Handelskai 52 

PO Box? 

A 1205 Vienna, Austria 
Tet (0222) 35 16 21 to 27 
Cable HEWPAK Vienna 
Telex 75923 hewpak a 


MEDITERRANEAN 
AND MIDDLE EAST 
COUNTRIES NOT 
SHOWN, PLEASE 
CONTACT: 
Hewlett-Packard SA 
Mediterranean and Middle East 
Operations 

35, Koloxotron: Street 

Platia Kelallariou 

GR-Kifissia- Athens, Greece 
Te! 8080359 429 

Telex 21-6588 

Cable HEWPACKSA Athens 


FOR OTHER AREAS 
NOT LISTED, 
CONTACT: 
Hewlett-Packard SA 

7 rwe cu Bors-du-Lan 

PO Box 

CH 1217 Meynn2 Geneva 
Switzerland 

Tel (022) 82 70.00 

Capie HEWPACKSA Geneva 
Telex 2 24 86 


UNITED STATES 


ALABAMA 

PO Box 4207 

8290 Whitesburg Or 
Huntsville 35802 
Tel: (205) 881-4592 
8933 E Roebuck Blvd 
Birmingham 35206 
Tel (205) 836-2203 2 
ARIZONA 

2336 E Magnolia St 
Phoenix 85034 
Tel (602) 244-1361 
2424 East Aragon Rd 
Tucson 85706 
Tel (602) 889-466} 


“ARKANSAS 

Medical Service Only 

P 0. Box 5646 

Brady Station 

Little Rock 72215 

Tel (501) 376-1844 
CALIFORNIA 

1579W Shaw Ave 
Fresno 93771 

Tel: (209) 224-0582 

1430 East Orangethorpe Ave 
Fullerton 92631 

Tel: (714) 870-1000 

3939 Lankershim Boulevard 
North Hollywood 91604 
Tet (213) 877-1282 

TWX: 910-499-2671 


5400 Wes! Rosecrans Blvd 
PO Box 92105 

World Way Postal Center 
Los Angeles $0009 
Tel (213) 776-7500 

TWX 910-325-6608 
‘Los Angeles 

Tel (213) 776-7500 

3200 Hillview Av 

Palo Alto, CA 94304 
Tel (408) 988-7000 

3003 Scott Boulevard 
Santa Clara 95050 
Tel (408) 988-7000 

TWX 910-338-0518 
“Ridgecrest 

el (714) 446-6165 

646 W North Market Blvd 
Sacramento 95834 
Tel (918) 929-7222 

9606 Aero Drive 

PO Box 23333 

San Diego 92123 
Tel (714) 27S 3200 
‘Tarzana 

Tef (213) 705-3344 
COLORADO 

5600 DTC Parkway 
Englewood 8110 
Tel (303) 771-3454 
CONNECTICUT 
47 Barnes industrial Road 
Barnes Park South 
Wallingford 06492 
Te! (203) 265-780) 
FLORIDA 

PO Box 24210 

2727 NW 62ed Streel 
Ft. Lauderdale 33405 
Tel (308) 973-2600 

4080 Woodcock Drive # 132 
Brownel! Building 
Jacksonville 32207 
Tel (904) 398-0663 

PO Box 13910 

£177 Lake Elleror Br 
Orlando 32809 

Tel (305) 859-2900 

PO Box 12626 

Suite §, Bldg 1 

Office Park North 
Pensacola 32575 
Tel (904) 476-8422 
Computer Systems Only 
110 South Hoover Blvd 
Suite 120 

Tampa 30609 

Tel (813) 872 0900 
GEORGIA 

PO Box 105005 

450 Interstate North Parkway 
Atlanta 30348 

Tet: (404) 955-1500 

TWX. 810-766-4890 


Medical Service Only 
“Augusta 30003 
Tel (404) 736-0592 
PO Box 2103 
1172.N. Davis Drive 
Warner Robins 31098 
Tel (912) 922-0449 
HAWAH 

2875 So King Street 
Honolulu 96826 
Tel (808) 955-4455 


— 


ILLINOIS 

520! Tollview Dr 
Rolling Meadows 
60008 

Tel (312) 255-9800 

TWX 910-687-2260 
INDIANA 

730) North Shadeland Ave 
Indianapolis 46250 
Tel (317) 842 1000 

TWX 810-260 1797 
1OWA 

2415 Heinz Road 

fowa City 52240 

Tel (319) 351-1020 
KENTUCKY 

10170 Linn Station Road 
Suite 525 

Louisville 40223 

Tel (502) 426-0100 
LOUISIANA 

PO Box 1449 

3229-39 Williams Boulevard 
Kenner 70063 

Tel (504) 443-620! 
MARYLAND 

7121 Standard Drive 
Parkway Industria! Center 
Hanover 2'076 

Tai (301) 796 7700 

TWX 719-862 1943 

2 Choke Cherry Road 
Rockville 20850 

Tel (301) 948-6370 
TWX 710-828-9684 
MASSACHUSETTS 
32 Hartwell Ave 

Lexington 02173 

Tel (617) B61 8960 

TWX 719.326.6904 
MICHIGAN 

23855 Research Orive 
Farmington Hills 48024 
Tel (313) 476-6400 


724 West Centre Ave 
Kalamazoo 4302 
Tel (616) 323 8362 


MINNESOTA 


2400 N Prior Ave 

St. Paul 55!13 

Tel (612) 636-0700 
MISSISSIPPI 
322. N Mart Plaza 
Jackson 39206 
Tel (601) 982-9363 
MISSOURI 

11131 Colorado Ave 
Kansas City 64137 
Tet (816) 763-8000 
TWX. 910-771 2087 
1024 Executive Parkway 
St. Louis 6214! 
Tel (314) 876-0200 


NEBRASKA 
Medical Only 

7101 Mercy Road 
Surte 101 
Omaha 68106 
Tel. (402} 392-6948 
NEVADA 
‘Las Vegas 
Tel (702) 736-6610 
NEW JERSEY 
W 120 Century Rd 
Paramus 07652 
Tel (201) 265-5000 
TWX 710-990-4951 


Crysta! Srook Professional Building 
Route 35 

Eatontown 07724 
Tel (201) $42 1384 
NEW MEXICO 

PO Box 11634 

Slation E 

11300 Lomas Blvd NE 
Albuquerque 87/23 
Tel (505) 292-1390 

TWX 910-989 1185 


156 Wyatt Drive 

Las Cruces 3800! 
Te! (505) 526.2484 
TWX 910-9983-0550 


NEW YORK 

6 Automation Lane 
Computer Park 
Albany 12205 

Tel (518) 458-1550 
TWX 710-444-4961 
650 Perinion Hill Office Park 
Fairport 14450 

Te! (716) 223.9950 
TWX 510-255 0092 

No | Pennsylvania Plaza 
55th Finor 

341n Street & Btn Avenue 
New York 1000 
Tei (212) 971.0800 
5858 East Malluy Road 
Syracuse '12)! 
Tel (315) 455 2486 

} Crossways Park Wes! 
Woodbury !'73" 
Tel (5 '6) 921.0200 
TWX $10-221 2183 

Tel (513) 671 7400 
NORTH CAROLINA 
5605 Roanne Way 
Greensboro 27405 
Tel (919) 852-1800 
OHIO 

Medica! Computer Only 
Bldg 300 

1313 E Kemper Ad 
Cincinnati 45426 
16500 Sprague Road 
Cleveland 44130 
Tel (216) 243-7300 
TWX 810-423-9430 

330 Progress Rd 
Dayton 45449 

Tel (513) 859-8202 
1041 Kingsmill Parkway 
Columbus 43229 
Tel (614) 436-1041 
OKLAHOMA 

PO Box 32008 

6301.N Meridan Avenue 
Oklahoma City 73112 
Tel (405) 721-0200 
9920E 42nd Stree! 
Suite 121 

Tulsa 74145 

Tel (918) 665-3300 


OREGON 

17890 S'W Lower Boones Ferry 
Road 

Tualatin 97062 

Tel (503) 620-3350 
PENNSYLVANIA 

11) Zeta Drive 
Pittsburgh 15238 

Tel (412) 782-0400 


1021 8th Avenue 

King of Prussia Industrial Park 
King of Prussia 19406 
Tel (215) 265-7000 

TWX 510-660-2670 
PUERTO RICO 
Hewlett-Packard Inter-Amesicas 
Puerto Rico Branch Office 

Calle 272, 

Edit 203 Urg Country Club 
Carolina 00924 

Tel (809) 762-7255 

Telex 345 0514 

SOUTH CAROLINA 
PO Box 6442 

6941-0N Trenholm Road 
Columbia 23260 

Tel (803) 782 6493 
TENNESSEE 

8914 Kingston Pike 
Knoxville 37922 

Tel (615) 523-0522 

3027 Vanguard Dr 

Duector's Plaza 

Memphis 3313) 

Tel (901) 346-8370 
“Nashville 

Medical Service Only 

Tel (615) 244-5448 
TEXAS 

417! Noth Mesa 
Sule C110 

El Paso 73902 
Tel (915) 533-3555 
PO Box 1270 
201 € Arapaho Ad 
Richardson 
Tel (214) 231-6101 
PO Box 42816 
10535 Harwin Or 
Houston 77036 

Tei (713) 776-6400 
"Lubbock 

Medicai Service Only 

Tel (806) 799-4472 

205 Billy Mitchell Road 

San Antonio 78226 
Te! (512) 434-8241 

UTAH 

2160 Sou'h 3270 West Street 
Salt Lake City 84119 
Tet (801) 972-4711 
VIRGINIA 

P.O Box 9669 

2914 Hungry Springs Road 
Richmond 23228 

Tel (804) 285:3431 


75080 


Compuler Systems Medical Only 


Aurport Executive Center 
Suite 11! 

5790 Thurston Avenue 
Virginia Beach 23455 
Jel (804) 460-2471 
WASHINGTON 
Bellefield Office Pk. 

1203. 114th Ave SE 
Bellevue 98004 

Tel (206) 454-3971 

TWX 910-443-2446 

PO Box 4010 
Spokane 99202 

Tel (509) $35-0864 
“WEST VIRGINIA 
Medical: Analytical Only 
4604 Mac Corkle Ave., SE 
Charleston 25304 
Tel (304) 925-0492 


WISCONSIN 

150 South Sunny Slope Road 
Brookfield 53005 
Tel (414) 784-8800 


FOR U.S. AREAS 

NOT LISTED: 

Contact the regional office 
nearest you 

Atlanta, Georgia North Hally- 
wood, California Rockville, 
Maryiand — Rolling Meadows, 
Ilincis Their complete addresses 
are listed above 


“Service Only 


9/79 


00654-90003 


‘tA 


HEWLETT 
PACKARD 


Printed in U.S.A. 


7) MANUAL CHANGES 


MODEL 654A 


TEST OSCILLATOR 


-hp- Part Number 00654-90003 


Ge New or Revised Item 
CHANGE NO, 1 for serial numbers 0951402608 and greater. 


Page 6-3, Change A2C24 to -hp- part number 0160-0362 (C:Fxd 
510 pF 300 V) 


Page 6-4. Change A2CR20 -hp- part number 1902-0025 (Diode 
Bkdn 10 V) 

Change A2Q25 to -hp- part number 1854-0092 {Xstr-2N3563). 
Change A2R26 to php- part number 0698-4014 (R:Fxd 787 ohm 
1%) 


Page 6-5. Change A2R64 to -hp- part number 0686-4315 (R Fxd 
430 ohrn 5%) 

Change A2R6S5 to -hp- part number 0757-0284 (R:Fxd 150 ohm 
1%). 

Change A2R82 to -hp- part number 0698-4424 (R:Fxd 1400 ohm 
1%) 

Change A2R79 to -hp- part number 0757-0273 (R Fxd 3010 ohm 
1%). 

Add A2ZR29 -hp- part number 0757-0442 (A:Fxd 10 ohm 1% 1/8 
W) 

Add A2R94, R95 -hp- part number 0683-0475 (R:Fxd 4.7 ohm 


5%) 


Figure 7-2, Page 7-5. Add A2R29 as follows: 


R30 Cle 
lOO lO 
+ 

R29 

lOK 


Figure 7-3, Page 7-7, 7-8. Add A2R94, AQS5 as follows 


+31V 


CHANGE NO. 2 for serial numbers 0951402491 and greater 


19 November 1979 


Page 1-1, Paragraph 1-7. Delete Paragraph 1-7. 

Add new Paragraph 1-7: Options: Option 908 Rack Mount Kit, 

-hp- part number 5060-8740, Option 910: Additional Manual -hp- 

part number 00654-90003. 

Page 2-1, Paragraph 2-14. Change last sentence to read as follows 
Conversion ta a Rack MOunted instrument can be accomplished 
by using the Rack Mount Kit Option 908 

CHANGE NO. 3 for all serial numbers. 


Page 5-2, TAbla 5-1. Change thermal converter le) 600 ohms, 
balanced. Part number to -hp- part number H13-11049A, 


Page 5-5, Table 5-3. Change thermal converter part number for 600 
BAL to -hp- part number H13-11049A. 


Page 5-19. Add Table 5-4A Padding List A4C1 


Value hp- Part No. 
24 pF 0160-0196 
30 pF 0160-2199 
33 pF 0160-2150 
39 pF 0140-0190 


CHANGE NO. 4 for serial) numbers 0951A02691 and greater. 


Page 6-3, Table 6-1. Change A2C43 to -hp- part number 0121-0127 
(C: Var 1. 7/14.1 pF 350 V). 


Page 7-7/7-8, Figure 7-3. Change value of A2C43 to 1.7 — 14.1 pF. 
CHANGE NO. 5 for serial numbers 0951A02926 and greater. 


Page 6-12, Table 6-1. Add the following 


Holder: Fuse -hp- 2110-0470 
Cap: Fuse hp- 2110-0465 
Nut: Fuse Holder -np- 2110-0467 
Washer Lock -hp- 2190-0054 
Washer Rubber hp: 1400-0090 


CHANGE NO. 6 for all serial numbers. 

Page 1-2, Table 1-2. General information, Change power supply 
specification to 115 V + 10%, 48 Hz to 440 Hz, 230 V+ 10%, 
48 Hz to 66 Hz, 30 W nominal, 35 W maximum. 

CHANGE NO. 7 for serial numbers 0951A02771 and greater. 


Page 6-3, Table 6-1. Replaceable Parts. Add the following padding 
list to A2C21°. 


0150-0029 Cap-Fxd 1 pF 
0150-0011 Cap—Fxd 1.5 pF 
0150-0031 Cap-Fxd 2.0 pF 


Add the following padding list to A2C36". 


0150-0029 Cap-Fxd 1 pF 
0150-0011 Cap-Fxd 1.5 pF 
0150-0031 Cap-Fxd 2.0 pF 


Supplement A for 00654-90003 


Page 2 MANUAL CHANGES 


Page 6 5. Table 6-1. Replaceable Paris. Add the following padding list to 
A2AG1°, R62* 


0698 3432 Res Fxd 26.12 
0698-0078 Res Fxd 28.02 
0757-0388 Res - Fxd 30.12 
0698-4376 Res- Fxd 32.42 
0757-0368 Res —- Fxd 34.02 
0757-0390 Res -Fxd 36.52 
0698-3435 Res-Fxd 38.30 


CHANGE NO. 6 Serial Numbers 0951A03056 and Greater. 


Page 6-4, Table G1. Roplaceable Parts. Change A2CR15 thru A2CR18 
from 1901-0025, Diode:Si to 1901-0033, Diode-Si.1 A180 V. 


CHANGE NO. 9 applies to all Serial Numbers. 


Page 7.§. Delete the asterisk (*), which denotes a component that 
may be padded. on the following components: 


c3°, €5° 0140-0146 
c1*,c13°, C17* 0150-0011 
c1é6",.cvea* 0150-0029 
Co", £474 *° 0160-0763 
C18°, C7°* 0160-2322 
R2° 0686-1545 
R10° 0686-1855 


Page 67. Add the following part to the S2 (00653-61901) Range 
Switch Assembly list 


‘hp- Part No. Ta Description 
2260-0001 2 Hex-Nut 


Page 66. Delete CR4 (-hp- Part Number 1901-0347). 

Page 7 9/7-10. A4. C1" may consist of any of the following parts: 
24 pF 0160-0196 
30 pF 0160-2199 
33 pF 0160-2150 


Page 6.6. Add the following part to the A4 (00654-66504) Im- 
pedance PC board list: 


-hp- Part No. Ta Description 
0380-0959 1 Standoff-Captive 


Page 6.7. Change Power Switch S1 to 3101-2147. 


Model 654A 


